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REPORT OF THE WROUGHT IRON TUBING INQUIRY COMMITTEE. 





Adopted by the Committee, April 29, 1925. 


The Wrought Iron Tubing Inquiry Committee consists 
of Mr. Albert Stokes (Chairman), of the South Metropoli- 
tan Gas Company; Mr. J. Ferguson Bell, President of the 
Institution, of Derby; Mr. James E. Blundell, of Carlisle; 
Mr. Fred Davies, of Walsall; Mr. Stephen Lacey, of the 
Gas Light and Coke Company; Mr. W. E. Price, Hon. 
Secretary of the Institution, of Chobham; Mr. Samuel 
Tagg, Past-President of the Institution, of Preston; Mr. 
Frank P. Tarratt, of Newcastle-on-Tyne; and Mr. R. Hy. 
Ruthven, of Ramsgate, Hon. Secretary. 

The matter of the quality of iron piping supplied to the 
gas industry was raised in 1923 by a letter* addressed to 
the Technical Press by Mr. A. Stokes, Gas Supply Mana- 
ger, South Metropolitan Gas Company. On Jan. 11, 1924, 
the Institution of Gas Engineers addressed a questionnaire 
relating to the matter to the 309 gas undertakings in Great 
Britain and Ireland making 100 million c.ft. of gas, and 
upwards, per annum. Particulars of the questions and a 
numerical analysis of the various replies received are given 
in Appendix I. 

These replies indicate that opinion is about equally 
divided as to whether there has been, or has not been, any 
decrease in the ‘‘life’’ of gas barrel delivered to the re- 
spective gas undertakings at the present time, compared 
with that supplied during and prior to the war (see Ques- 
tion 3). About 60 p.ct. of gas undertakings which replied 
to Question 2 specify that material supplied should be made 
from wrought iron, and not from mild steel strip. It is, 
however, interesting to note that, whereas 68 p.ct. of the 
undertakings apply no test to ascertain the quality of the 
material delivered, about a dozen different tests are re- 
ferred to as being applied by the remaining 32 p.ct. A 
number of replies were accompanied by a request for a 
standard test of material. 

The replies revealing a diversity of opinion within the 
gas industry, and the time being opportune, a Committee 
of Inquiry was set up by the Council of the Institution of 
Gas Engineers to investigate the matters referred to in 
the questionnaire. 

The Committee have examined the evidence afforded by 
the various replies received. In addition, experimental 
work has been undertaken on behalf of the Committee at 
the Laboratories of the South Metropolitan Gas Company 
[see Appendix II.] and of the Gas Light and Coke Com- 
pany [see Appendix III. ]. 

Results of an examination of deliveries of wrought iron 
tubing supplied to the South Metropolitan Gas Company 
are contained in Appendix IV. 

Reviewing the whole of the evidence before them, the 
Committee unanimously report that— 


(1) It is evidently desirable that steps be taken by the 
gas industry to ensure that gas barrel supplied to 
the industry is composed only of superior quality 
wrought iron, 


(2) It is desirable that the services of a metallurgist be 
commissioned to assist in drawing-up a specification 
and tests of wrought iron piping, satisfying the con- 
ditions of recommendation (1) above. 

The Committee desire to direct attention to the 
simple etching test referred to in Appendix II. for 
the rapid differentiation of steel from wrought iron. 


While strongly recommending the use of wrought 
iron piping, the Committee desire to direct attention 
to the deleterious effects produced upon gas barrel— 
whether of iron or steel—arising from internal cor- 
rosion attributable to the presence of carbonic acid, 
oxygen, and water vapour in the gas passed through 
the barrel; and the Committee suggest that all prac- 
ticable steps should be taken to reduce to the mini- 
mum the amount of oxygen contained in the gas. 








* “Gas JOURNAL,” 1923, Vol, 164, p. 585. 


APPENDIX I. 
INSTITUTION OF GAS ENGINEERS. 
WROUGHT IRON TUBING INQUIRY. 


ANALYSIS OF REPLIES TO QUESTIONNAIRE OF JAN. II, 1924. 
The questionnaire was issued to gas undertakings in the 
United Kingdom making 100 million ¢.ft. per annum and up- 
wards. 
Number issued and returned to Feb. 27: 





Issued Returned. 
Englandand Wales .... . . 274 a 179 
Scotland . Se és jae ee 29 i 25 
ey 66S wee we a) Lee 6 oe 3 
Se: Sys ae ss, oe 207 


QuesTION 1 (a). Do You User Iron Pires ror SERVICES FROM 
MaIN to METER? 
195 replied ‘* Yes ’’; 12 replied ‘* No.’? Of the 12 negative 
replies, 5 stated lead is used; 1 cast iron; and 1 solid 
drawn steel tubes. 


Question 1 (b). Do You Use Iron Pire ror INTERNAL WorK 
BEYOND THE METER? 
87 replied ‘‘ Yes ”’; 116 replied ‘* No.”’ 


QUESTION 2 (a). Do You Spreciry tHat sucH MATERIAL SHOULD 
BE MADE FROM WrouGiit IRON AND NOT FROM MILD STEEL 
Srrip? 

125 replied ‘‘Yes’’; 76 replied ‘‘ No’’; 6 replied in- 
definitely. 

QUESTION 2 (b). Do You Susmir THe MATERIAL RECEIVED TO 

ANY Test to ASCERTAIN Its Quatity? 
142 replied ‘* No.” 
15 replied ‘* Yes.” 
6 Cold bending. 
4 Bending, screwing and cutting, but no chemical tests. 
12 Inspection on delivery. 

2 Cold bending and hammering. 

3 Welding, weight and hammer tests. 

2 Bending, also by immersion in corroding solution. 

2 Occasionally by metallurgists. 

4 Soundness and clear bore. 

1 In Industrial Research Laboratory. 

3 Did not answer question. 

1 Weight only, pressure tests, &c. 


Note.—6 undertakings used piping composed of very pure 
iron. 

QUESTION 3. WHAT Is YOUR OPINION REGARDING THE LIFE OF 
THE MATERIAL RECEIVED AT THE PRESENT TIME COMPARED WITH 
THAT SUPPLIED SAY, DURING THE WAR? 

40 replied life of material is shorter than before the war. 
29 consider sufficient time has not elapsed to form a 
definite opinion. 

9 have not found any falling off in quality. 

9 consider tubes supplied by makers of repute to be equal 

to pre-war quality. 

o find material does not differ very much in quality from 
pre-war material. 

state that material now being supplied is satisfactory. 

that quality is improving, but not yet equal to pre-war, 

find material good, but welding defective. 


NR 


wun 


APPENDIX IL. 
THE CORROSION AND RUSTING OF WROUGHT 
IRON AND STEEL GAS BARREL. 
WORK CARRIED OUT BY THE SOUTH METRO- 
POLITAN GAS COMPANY. 


INTRODUCTION. 


The necessity for a study of the conditions determining the 
corrosion of iron and steel is insistent; it has been estimated* 
that the annual cost of wastage due to fusting of the world’s 
steel and iron is probably over 700 million pounds sterling. The 
necessity for determining means whereby the wastage can be 
prevented or reduced is urgent, and in no industry is this 


* Hadfield: Corrosion of Ferrous Metals, Institution of Civil Engineers, 
1923, P. 42. 
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Fig. 1.—Microphotograph (x 100 diameters) showing junction of iron (above) and steel (below). 


urgency greater than in the gas industry, where the conse- 
quences due to rusting may be extremely detrimental, if not 
wholly fatal, to the industry’s best interests. 

Is the tendency to rust one of the essential properties of iron 
and steel? Far from it. The Iron Pillar at Delhi, dating from 
300 A.D., and an Egyptian hatchet dating from 700 B.c., are 
nowadays remarkable in that they show practically no evidence 
of rusting or corrosion.t The gasholder made of thin sheet 
iron, reputed to have been erected near Birmingham by Mur- 
doch in 1792 was, until comparatively recently, intact, and in 
use for the storage of Dowson gas. Contrast with these facts 
observations coming nowadays within the everyday experience 
of gas engineers—leaks developed in gasholders two or three 
years after the erection of the holders, a weight of 10 or more 
Ibs. of rust collected from a length of about 50 ft. of main or 
service pipe in a period of three months or so. 

The troubles which may arise owing to this latter state of 
affairs are too obvious to need comment. Such experiences 
tend to confirm the opinion widely held that troubles attribu- 
table to rusting and corrosion of holders, mains, and service 
pipes have become considerably aggravated within recent 
years, and that in some way these troubles are connected with 
the ‘‘ inferior ’’ quality of the steel and iron now supplied for 
use by the gas industry. The present Appendix details particu- 
lars of an investigation carried out to examine the respects, if 
any, in which samples representative of the steel and iron 
nowadays supplied to the gas industry differ among them- 
selves, and from pre-war supplies of these materials, in respect 
of resistance to rusting and corrosion. 

EXPERIMENTAL. 


Eight representative samples of iron and steel gas-barrel, 
typical of materials supplied in large quantities to the gas 
industry by makers of repute, were employed in the tests 
detailed below. These in what follows are designated by the 
letters, A, B, C, D, E, F, G, and H respectively. Of these, 
samples A to E are representative of present-day supplies of 
material, while samples F, G, and H_ represent materials 
purchased in 1894, 1913, and 1912 respectively. A represents 
a sample of very pure iron, B and C were purchased as reputed 
samples of wrought iron, while D and E represent samples of 
reputed mild steel, purchased respectively from the same firms 
as B and C. Analyses of the various materials by Messrs. 








Riley, Harbord, and Law, Consulting Metallurgists and 
Chemists, resulted as follows: 
TABLE I 
= Carbon. Silicon. Sulphur. | Phosphorus.; Manganese. 
i P.Ct. P.Ct. P.Ct. | Ct. 
ae is 0'022 O'O12 0'O41 0°005 trace 
B ar 0°039 0° 187 0°030 0°354 © 055 
ee 0'035 oO'IgI 0°020 0° 376 0°028 
ae ae 0°057 0°'062 0°034 0°020 O° 442 
ae ae 0°025 0*008 0'°038 =| 0076 0° 428 
re 0°026 o° 161 0'O1g 0°132 0° 064 
Mere te. < trace 0'156 0'O2I © 370 © 022 
ae ee ee trace o'149 0°022 0° 365 oO 062 
t Jdid. p. 40, 





These results, combined with those of micrographic examina- 
tion of the various materials, led to the following conclusions : 
A is a sample of very pure iron. B (reputed to be wrought 
iron) contains steel in admixture. This is shown in figs. 1 
and 2. Fig. 1 represents a microphotograph (x 100 diameters) 
of a section of sample B (reputed wrought iron), and shows 
the junction of iron (above) and steel (below) in that section. 
Fig. 2 (x 1000 diameters) shows the presence of pearlite in the 


? 





Fig. 2.—Microphotograph (x 1000 diameters) showing presence of 
pearlite in steel in Sample B (reputed wrought iron). 


steel of this sample. Sample C (reputed wrought jron) is a 
wrought iron, but not of first-class quality. Samples D and E 
are both steel. Sample F is wrought iron of fair quality, while 
G and H are first-rate examples of wrought iron. Fig. 3 'S t 
microphotograph (x 1000 diameters) showing the absence 0 
carbide in sample F. Attention is also directed to the pr‘ “— 
of manganese and sulphur in this sample as revealed by the 
analysis. The various conclusions are conveniently summarize 
in Table 2. 
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TABLE 2. 


Result from Chemical and Microscopical 


Sample. Reputed. Analysis. 


| 
| 
| 





A | Very pure iron | Very pure iron 

B | | Wrought iron Mixture of wrought iron and steel 

Cc | Sesbiae me Wrought iron Wrought iron, not of first-rate 
quality 

D || Mild steel Steel 

E} \ Mild steelj Steel 

F ) { 1894 Wrought iron, fair quality 

G\Pre-war . . 4 1913 Wrought iron, good quality 

H)} \ I9gt2 





Wrought iron, good quality 


In order to compare the respective resistances to corrosion 
of these materials under conditions approximating to those of 
use of gas barrel, specimens, each weighing about 80 grammes 
and having very approximately the same amount of suriace, were 





hae ”) a 





Fig. 4.- Macroscopic heterogeneity of material shown by immersion of gas 
barrel in syphon liquor (Sample B, reputed wrought iron). 
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Fig. 3.—Microphotograph (x 1000 diameters) showing absence of carbide in Sample F (fair quality wrought iron, 1894). 
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cut from each sample. One half of the internal and external 
surfaces of each sample was machined to remove skin, no oil 
or other lubricant being employed, so as to produce a bright, 
freshly exposed metal surface. The remaining surface of metal 
was left untouched, retaining its ‘‘ protecting ’’ surface coating. 

The weight of each sample was carefully determined, and 
it was then completely immersed for a definite number of hours 
in liquor withdrawn from the district syphons. A series of 
samples similarly prepared was likewise immersed in distilled 
water. The extent to which corrosion had occurred on the 
various samples was ascertained by determining the loss of 
weight of the respective samples after immersion for various 
periods, the same period for each. In some cases macroscopic 
heterogeneity of the material of the immersed sample was 
very clearly revealed during the early hours of immersion of 
the sample. Thus in fig. 4, which depicts the result of 20 
hours’ immersion of sample B (reputed wrought iron) in 
distilled water, the line of junction of the steel and iron is 
very clearly marked by the very different rates of corrosion 
occurring on opposite sides of this line. It is to be noted that 
any such line of demarcation is clearly revealed only during 
the early period of corrosion, as, in accordance with a well- 
established law, differentiation of the extent to which corrosion 
may have taken place in various parts becomes more difficult 
after considerable corrosion of both constituents has occurred. 

Results deduced from determinations of the respective losses 
of weight of the samples up to date are given in Table 3. The 
order of merit of the samples as regards resistance to corrosion 
when immersed in the respective liquids are likewise set out in 
Tables 3a and 3b, the most resistant being indicated by 1 and 
the least resistant by 8. Intermediate figures represent inter- 
mediate degrees of resistance. 

As regards the results contained in these tables, the Com- 
mittee would first direct attention to those referring to pre-war 
samples of gas barrel (samples F, G, H). Sample F, indicated 
by analysis (see Table 2) as a wrought iron of fair quality, is 
seen to be definitely the least resistant of pre-war samples, and 
indeed, of all the samples tested for the full periods of corro- 
sion, either by syphon liquor or water. In all the tests it comes 
out definitely worse than all the other samples. It is, however, 
closely approached by sample B (mixture of wrought iron and 
steel) as regards corrosion by syphon liquor. We are inclined 
to attribute this quality of sample F to the presence in it of 
manganese and sulphur (see Table 1). It would appear that 
pre-war supplies of gas barrel were superior in their resistance 
to corrosion, provided, it is understood, that such supplies 
embrace only such supplies as may be described as good quality 
wrought iron. The sample of very pure iron is most resistant 
to corrosion by syphon liquor, but is excelled by sample G as 
regards resistance to corrosion by distilled water. Averaging 
all the results, we obtain the following figures as representing 
the relative magnitudes of the corrosion experienced by gas 
barrel composed of the respective materials : 


Wrought iron of good quality, pre-war . . . . . 100 
(od i a ee ee ee ee 
Wrought iron, post-war. . . « . + + «+ «+ «+ 108 
Mild steel. . . . a a er a ee 
Mixture of steel and wroughtiroh . . . . . . 128 
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TABLE 3A.—Percentage Loss of Weight of Sample in Syphon Liquor. 
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TABLE 38.—Percentage Loss of Weight of Sample in Distilled Water. 
Number of | } 
ace. | A B c D E | F G | H 
- —_— —_——— | H 
I 6 5 4 4 | 8 2 | 
316 0°0753 0'2477 0° 1692 0°1565 0° 2703 0° 3100 0'0940 O*rI100 
I 6 5 4 7 8 2 3 
632 0° 1882 0'3752 0° 3254 0°2735 0° 4206 | 0'4928 0° 2363 | 0° 2625 
I 6 | 5 3 7 8 2 4 
948 0° 3077 O°4912 | = 0" 4521 0° 3934 0°5459 | 0° 6908 0°353! | 0°4106 
I 9 5 3 6 | 8 2 oT 
1264 0° 4303 0° 7873 0°5751 0°5169 0°6732 =| 0°8935 0°4779 0°5388 
| I 7 5 3 6 8 2 4 
1580 0°5733 0'9237 0‘ 6967 0°6552 o 8273 1°0825 0°5776 © 6562 
2 7 4 3 6 8 I 
1896 O'7112 I°O59I 0° 7993 0°7781 0°9509 1°2551 | 0° 7005 o'srr1 
2 7 5 3 6 8 I 4 
2212 0' 8368 1° 1830 o'9161 0'9076 1‘O714 1° 4068 | 0° 7899 o*gI09 
2 7 5 3 6 } 8 | I 4 
2528 © 9662 1° 3044 1°0365 1°0239 1°1831 I 5814 0* 8900 1'0295 
2 7 5 3 6 | 8 I } 4 
2844 | 1 0669 1°4138 1°1344 I'1221 12977, | 1'6947 | 0°9732 | 1'1248 
2 7 3 6 | 8 I 4 
3160 1° 1589 1°5451 1°2260 1°2136 I°3937 | 1°8076 | 10546 I'2159 
2 7 4 3 6 | 8 | I 5 
3478 | %°2501 16415 1°3180 1* 3050 1°4893 | 1°9361 | 1°1624 | 1°3266 
2 7 4 3 6 | 8 | I 5 
3792 1° 3538 1° 7489 1° 4223 I 4083 1°5964 2°0820— | 1'2597 | 1°4476 
| 2 7 5 3 6 8 I | 4 
4108 1°4945 1°8610 - 1°5594 1°5328 1°7382 | 2°2271 1° 3862 | 1°5515 
} ' 
— ao 
2) : 
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Fig. 7.— Illustrating nodular character 
of the corrosion observed on A. 


The results, taken all together, suggest the desirability for 
emphasizing in all specifications of gas barrel that the material 
employed shall be wrought iron of the very best quality, with- 
out any admixture of steel. 

One other matter is of importance. We have noticed that 
the character of the rust produced in the case of mild steel 
differs very materially from the rust of wrought iron. This 
is very clearly seen from a comparison of E in fig. 5 with 
KF, G, and H in fig. 6. A nodular type of corrosion was 
observed on sample A—very pure iron, see fig. 7. The point 
is of considerable importance, for we have observed that in 
the case of the corrosion of wrought iron by a stream of gas 
the rust possesses a massive, heavy character; while in the 
case of the corrosion of mild steel, the rust is generally in the 
form of a fine impalpable powder, liable to be carried forward 
with the stream. 


CORROSION OF IRON AND STEEL IN A STREAM OF GAS. 


It seemed of interest to examine whether the superior power 
of resistance of good quality wrought iron compared with steel 
was also exhibited when samples of these materials were im- 
mersed in a stream of moist coal gas. For this purpose the 
apparatus shown in fig. 8 was employed. The arrangement 
permitted coal gas saturated with water vapour to be passed 
over polished samples of steel, wrought iron, and a sample 
composed of a disc of steel screwed to a disc of wrought iron. 

The samples were examined from time to time for appear- 
ance of rust. In the earlier stages a bluish colouration without 
visible corrosion made its appearance on the steel sample, when 
visible corrosion had occurred on the steel side of the composite 
sample. The sample of wrought iron at this stage was practi- 
cally untarnished. Figs. 9 and 10 show that the superior re- 
sistant power of wrought iron is retained in a stream of moist 
coal gas. Attention may be particularly directed to the ap- 
pearance of the respective iron and steel faces of the composite 
sample (centre of figs. 9 and 10) and the relatively untarnished 
appearance of the iron sample in both figures. Fig. 11 shows 
the appearance of samples (one half polished) of very pure iron, 
wrought iron, and steel, similarly immersed in a stream of 











Steel. 
(Composite). 


Fig. 9. 


Steel. 


moist coal gas for a short period. The superiority of A over the 
sample of wrought iron and of the latter over the sample of 
mild steel is clearly indicated. The conclusion that gas barrel 
should be composed of good quality wrought iron is confirmed 
by these observations. 

Electro-chemical considerations would indicate that it is ex- 
tremely desirable that the material employed should be micro- 
scopically homogeneous, and in any case should not be macro- 
scopically heterogeneous—e.g., a mixture of iron and steel. 

The degree of heterogeneity or homogeneity of a sample is 
readily qualitatively observed by etching. For this purpose the 
sample of barrel is filed as indicated in fig. 12, which shows 
specimens of A, G, B, and E respectively filed so as to expose 
a bright surface of strata at various depths below the surface 
of the barrel. The exposed surface is etched with 50 p.ct. nitric 
acid solution. Under this treatment mild steel exhibits a uni- 
form appearance (E). A exhibits a slightly less homogeneous 
appearance. The separate layers of steel (upper) and wrought 
iron (lower) are clearly exhibited in B. The appearance of a 
typical wrought iron exhibiting the degree to which the material 
has been actually ‘‘ wrought ”’ is seen in G. Modern samples 
of wrought iron do not usually exhibit the degree of working 
shown by this sample. 

The difference, if any, in the various layers may be equally 
well exhibited by etching the exposed surfaces with picric acid, 
when clearly indicated structural differences are as shown in 
fig. 13. 

Macroscopic differences in the structure of a sample of iron 
or Steel may also be exhibited by means of the so-called ferroxy] 
tests. For this test, proposed by Cushman, a 1} p.ct. aqueous 
solution of agar-agar is made and boiled for one hour, fresh 
water being added to replace that lost by evaporation. The 
resulting solution is filtered hot, and 2 c.c. of standard phenol- 
phthalein indicator added per 100 c.c. of solution. The solution 
is neutralized by addition of N/1o potassium hydroxide or 
hydrochloric acid, as the case may be. Seven c.c. of a 1 p.ct. 
solution of K,Fe(CN), is added to each 100 c.c. of solution, 
and the resulting solution used while still hot. The solution is 
poured into a Petrie dish so as to cover the bottom of the dish, 
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of samples of Armco, 


Wrought Iron. 





Armco. 
— Showing appearance of polished surfaces (upper part) 


oy wrought iron, and steel, after exposure toa stream of coal-gas. 





Fig. 











(Composite). 





then floated in water until the agar is jellied. The clean sample 
of metal is placed on the jelly and covered with hot solution. 
The dish must not be subsequently moved. Colours some- 
times develop immediately on the sample being immersed, but 
usually they take from 12 to 24 hours to develop perfectly. 
In the zones of the blue colour iron passes into solution and 
oxidizes continuously, with the resultant formation of rust. 
In the pink zones the iron remains bright as long as the pink 
colour persists. Samples mounted in the agar may be pre- 
served by covering with a thin layer of alcohol. The applica- 
tion of the method is illustrated in fig. 14, which shows the 
effect produced by the ferroxyl indicator upon samples of 
wrought iron C and G and of steel B and E. The effects 
produced would appear, according to Cushman, to afford a 
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Reputed Wrovgtt Iron. 


Filed surfaces etched with 50 p.ct. nitric acid solution. 
Fig. 12. 


Wrought Iron. 
G 


Very Pure Iron. 
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valuable demonstration of the possibility of auto-electrolytic 
action on the surface of iron or steel. 

Sufficient has been stated to indicate the necessity for homo- 
geneity of the material constituting gas barrel. We have seen 
that reputed wrought iron gas barrel may consist of a mixture 
of wrought iron and steel. Sometimes structural defects are 
revealed in the sample of barrel when this is being worked. 
This is illustrated in fig. 15, which shows breakage of the 
barrel when being screwed. Examination of the material 
revealed a crack extending the whole length of the barrel 
(see fig. 15b), and from its appearance under the microscope 
we conclude that it was due to a “‘ pipe ”’ in the original ingot. 
Fig. 16 is a reproduction of a microphotograph showing the 
character of the defect in this sample of steel gas barrel. A 
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Fig. 16.—Microphotograph of flaw in barrel (Fig. 17). 






specification of the constitution of gas barrel for use in the gas | iron has been held to be responsible for the greater resistance 


















industry. towards corrosion of this material compared with more refined 
Carbon.—Each variety of carbon has its characteristic | grades of iron and steel. 

influence on the degree of corrodibility of iron. No definite Manganese has been held to increase the corrodibility of iron 

information is available. The corrodobility of steel increases | and steel; but it is now generally accepted that its deleterious 

to a maximum with the carbon constant up to about o°8g p.ct. | effects in this respect are attributable to its association with 

C. and then decreases. In quenched and tempered steels no | sulphur as manganese sulphide in the steel. 

variation of corrodibility occurs up to 0°96 p.ct. of carbon. The work detailed was, by the courtesy of Dr. Charles Car- 


Silicon.—Silicon present to an extent exceeding 3 p.ct. would | penter, carried out for the Committee at the Physical Labora- 
appear to increase the resistivity of iron and steel to corrosion | tory of the South Metropolitan Gas Company. The Committe 
considerably. Silicon in the amount customarily present in iron | desire to express appreciation of this favour. 
and steel exerts little influence upon corrodibility, but such 
influence is probably deleterious rather than otherwise. 

Sulphur increases corrodibility in proportion to the amount 










OBSERVATIONS OF Mr. F. P. Tarratt. 


present. . 7 ah 
Phosphorus is present in steel only to a very small degree, 1. Our experience at the Newcastle-upon-Tyne and Gates 
and its effect would appear to be to diminish corrodibility, _ head Gas Company, and the result of examination of different 




















The greater percentage of phosphorus contained in common | Varieties of gas tubing are almost identical with the observa- 
tions detailed in the Report of the South Metro- 
politan Gas Company. 

; : 2. We find that at the present time a certain 
proportion of mild steel is still supplied under the 
specification ‘* Best Quality Staffordshire Wrought 
Iron.”’ This is easily detected. Most of the ma- 
terial, however, is either poor quality wroughit 
iron similar to ‘‘ C ” in the South Metropolitan 
Report of mixtures of wrought iron and steel, 
which are very difficult to condemn. We agre 
most emphatically with the South Metropolitan 
Report that such material is not suitable for gas 
barrel. 

3- We think it desirable that further informa- 
tion should be obtained as to the protective action 
of interior surfaces of the tubing, and as 
whether it would be commercially feasible to pro- 
tect tubing by causing specially protective sul- 
faces by heat treatment or disposition of surface 
alloys. 







APPENDIX III. 
THE CORROSION AND RUSTING OF 
WROUGHT IRON AND STEEL 
GAS BARREL. 

















Work CarritD Out sy THE Gas LIGHT! AND 
Coxr CoMPANY. 












The work was undertaken subsequent to _ 

paid by Mr, Stephen Lacey and Mr. J. ©. Clark 

to the Physical Laboratory of the South Metro: 

politan Gas Company. It is intended to supp! 

eas ment the work carried out at that Laboratory; 
and detailed in Appendix IT. 

The apparatus used for the experiments 





ig 
Fig, 17.—Structural defect in gas barrel. 
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shown in the accompanying photograph. Twelve of these were 
made by Miller, of Holborn. 

At the beginning of this work, it was recognized that the 
disposition of the metal in relation to the liquid and gas in 
the containers was of some importance. In every case the 
liquid was de-aerated before use by prolonged boiling, and 
subsequent cooling out of contact with air, so that, assuming 
the metal in the container was covered with liquid, oxidation 
would proceed only by the conveyance through the liquid 
of the oxygen in the gas. If the specimen of metal were 
completely submerged in the liquid, the thickness of the layer 
of liquid between the metal and the gas would determine in 
some measure the rate of oxidation. An attempt was made to 
keep the metal covered with only a film of liquid by surrounding 
it with loose cotton threads, the ends of which were allowed to 
dip into the liquid, after the manner of a wet bulb thermometer. 
In this way the surface of the metal was kept wet without 
being submerged. 

Other experiments were made with submerged specimens, 
and the results confirmed what was anticipated—namely, that 
a thin film of liquid predisposes the metal to oxidation at 
the maximum rate. This is an important point when con- 
sidering the feasibility of keeping the distribution system in 
a state of dryness as a means of preventing corrosion. The 
facts seem to show that a thin film of liquid is likely to promote 
oxidation at the maximum rate, so that for the expedient of 
drying to be really effective the state of dryness would have 
to be complete. Anything short of complete dryness would 
leave the problem of preventing corrosion untouched so long 
as the gas possessed any oxidizing properties. 

Although precautions were taken to purify the cotton threads 
which were wrapped round the specimens of metal, CO, was 
found in the residual gas when pure oxygen was used as the 
corroding gas, showing that oxidation of the cellulose had 
occurred. This was unfortunate, in that it reduced consider- 
ably the value of the differential pressure readings that were 
recorded. 

In later work the cotton wrapping was not used. The 
specimens of metal were cut into rings half-an-inch wide, and 
so disposed as to be submerged in the liquid to the least possible 
extent. 

One object of these experiments was to ascertain if any 
protective products of corrosion were formed upon the metal. 
Except in one instance—when a 1 p.ct. solution of ammonium 
ferrocyanide was used as the electrolyte—no slowing up in the 
rate of corrosion was observed, showing that no appreciable 
quantity of protective products of corrosion are likely to be 
formed under practical conditions. So long as oxygen and 
water are in contact with an unprotected iron pipe corrosion 
will probably go on continuously. 

The apparatus consists of two bottles of equal capacity con- 
nected by tubes, and a WY pressure gauge so arranged as to 
indicate the differential pressure between the two bottles. In 
the most recent design of the apparatus the stopcocks were of 
the mercury sealed pattern, in order to ensure the utmost gas- 
tightness. 

It will be readily seen that by opening the stopcock between 
the limbs of the pressure gauge the two bottles could be swept 
out and charged with any desired gas. Thus, when all the 
stopcocks except two were closed, including the one between 
the limbs of the pressure gauge, which was 
closed, the pressure gauge would show no differ- 
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gauge, due to the absorption of the contained gas by the metal. 
From a knowledge of the atmospheric pressure when sealing 
the bottles, the amount of the differential pressure and the 
capacity of the bottles, the volume of the gas absorbed and the 
rate of its absorption could be followed without disturbance of 
the specimens. 

The following electrolytes and atmospheres were used : 


ELECTROLYTES. 


1. Water. 

2. 1 p.ct. solution of ammonium sulphate. 

3. 1 p.ct. solution of ammonium ferrocyanide. 

4. I pct. solution of ammonium thiocyanate. 
GASES. 


1, Oxygen. 

2. Carbon dioxide. ; 

3. A 50-50 (approx.) mixture of oxygen and carbon dioxide. 

The oxygen was supplied by the British Oxygen Company, 
and was free from carbon dioxide. The carbon dioxide was 
made in a Kipp’s apparatus by decomposing marble with hydro- 
chloric acid. The evolved gas was passed through a to p.ct. 
solution of sodium carbonate. It is probable that the carbon 
dioxide contained anything up to o*2 per cent. oxygen. 

At the completion of the experiments the amount of corroded 
iron was determined gravimetrically. Although most of this 
was found in the form of hydrated ferric oxide, some was 
found in solution in the form of ferrous bicarbonate. This 
is an important point, because it has some bearing upon the 
physical form of the oxide subsequently produced. In the 
presence of oxygen the dissolved ferrous bicarbonate decom- 
poses and precipitates hydrated ferric oxide. Not only was 
this found in the experiments, but analyses of syphon liquors 
have also shown bicarbonate in plentiful quantities. Upon 
filtering a freshly-collected sample of syphon liquor, and allow 
ing it to stand for a few hours, a fine and copious precipitate 
is frequently found. Similar properties may be observed in 
the liquid that collects in condensing stoves. The formation 
of this bicarbonate might well be considered with some facts 
of district experience—namely : 

1. A careful examination of small pipes (3 in. to } in.) which 
have been found completely closed up with a very fine form of 
iron oxide has shown the wall of the pipe to be perfectly intact, 
proving that the oxide had been transported there from some 
other part of the system. 

2. In larger feeders (1} in. and 2 in.) particularly those in 
exposed positions, copious collections of oxide are often found, 
but generally those deposits are of a coarse character, even 
when found in steel pipes. 

These facts justify the observation that where carbon dioxide 
is present it promotes the formation of ferrous bicarbonate, 
which goes into solution, and in this form might flow to another 
and dryer part of the system, and there undergo decomposition 
by the oxygen; ferric hydroxide being the subsequent product. 
This would probably take the form of a fine powder, which may 
cause serious trouble. The heavier forms of oxide would 
probably remain where they were formed. 

At this point the effect of carbon dioxide as disclosed by our 
experiments in the bottles may be alluded to. When wrought 
iron was used with water as the electrolyte and carbon dioxide 





ential pressure unless and until some of the gas 
in either of the bottles was absorbed or some gas 
added to it. 

The method of operation was as_ follows: 
Into each of the two bottles was placed an equal 
Volume (generally 50 c.c.) of a given electrolyte, 
which was either air-free distilled water or a 
salt made up to a 1 p.ct. solution with air- 
free distilled water. A measured length, 3 in., 
of a piece of iron or steel pipe of a given dia- 
meter, or its equivalent in ring } in. wide was 
then placed in one of the bottles, the rubber 
stoppers securely pressed in, and the gas to be 
employed passed through the whole apparatus for 
4 time long enough to sweep out the air con- 
tained therein, All the stoppers except two were 
then closed, the one between the pressure 
imbs being closed last. 

_ it was found from experierice unnecessary to 
immerse the apparatus in a water bath for 
equalizing of temperatures. By placing it away 
Irom ll sources of heat and draughts, the 
Close proximity of the two bottles in still air 
Was found sufficient to ensure the identity of 


gauge 


their mperatures and, therefore, complete 
compe nsation. 

In most of the experiments mercury was 
used in the pressure gauge, but water was 


sometimes employed if the differential pressures 
‘o be measured were of a low order. A few 
hours after the closing of the stopcocks a 
differential pressure was shown on the pressure 
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as the gas, a slow absorption of the gas took place—very much 
slower than when oxygen was present. No noticeable dis- 
colouration of the water took place, and the metal was appar- 
ently unchanged. When this had continued for 556 hours, the 
residual gas was quickly swept out by oxygen, and re-adjusted. 
A rapid absorption of gas followed, with discolouration of the 
metal and solution. Presumably this was due to the rapid 
decomposition of the previously formed ferrous bicarbonate 
going on with the simultaneous but slower absorption of oxygen 
by the metallic iron. The liquid became turbid, due to the 
suspension of the finely-divided oxide formed. 

In addition to the experiments made with the apparatus 
illustrated, other experiments were made with specimens of 
metal placed in series in a horizontal glass cylinder 24 in. long 
and 2 in. diameter. Into these cylinders various gases were 
made to flow at a very slow rate, just fast enough to ensure 
the prevention of any alteration of the composition of the gas 
due to absorption by the metals. 

The metals consisted of various makes of wrought iron and 
steel pipe from the Gas Light and Coke Company’s stores and 
some specimens of a very pure form of iron. The gases used 
were : 


1. CO, plus O,. 
2. Oxygen. 
3. Practically pure CO,.* 




















The oxygen used was supplied by the British Oxygen Company. 
It contained about 1 p.ct. of N., but was free from carbon 
dioxide. These gases were allowed to bubble through water, so 
as to ensure something approximating to complete saturation 
without any tendency to form dew. 

The experiments were allowed to go on for 36 hours, but 
there was no visible change in the bright surface of any of 
the specimens. A small jet of steam was then blown into the 
cylinders, enough to form a dew on the specimens, when 
rusting rapidly occurred. This shows how essential is the pre- 
sence of water to the activity of oxygen, but it is really nothing 
more than a confirmation of a well-known phenomenon. 

Upon examination of the results of the experiments the foi- 
lowing conclusions are put forward, although it ought to be 
added that further experiments should be made before a strong 
and positive statement can confidently be offered. 









1. Carbon dioxide is not an essential agent for oxidation, 
although its presence to the extent of say 2} p.ct. in a wet 
gas containing 1 p.ct. of oxygen would probably accelerate the 
rate of oxidation by about io p.ct., assuming, of course, that 
liquid water is present. 

2. Although carbon dioxide does not form an oxide of iron, 
it does, in the presence of water, slowly remove iron in the 
form of a solution of ferrous bicarbonate ; and this soluble com- 
pound in the presence of oxygen forms an oxide which is readily 
transportable and would, therefore, lead to stoppage of small 
pipes and injectors. 

3. Liquid water is an essential agent of corrosion, and when 
present in small quantities its potency in promoting oxidation 
is more marked than when present in larger quantities. 

4. There is no evidence of the formation in ordinary gas 
distributing systems of products of corrosion that have any 
retarding effect upon further corrosion. The presence of ferro- 
cyanides in the liquid might modify this view, due to the forma- 
tion of a fairly close coating of prussian blue, but not much 
importance is attached to this. 

5. Although the following figures are not put forward as 
conclusive, the experiments show the relative rates of oxida- 
tion of certain typical specimens to be— 
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Something would depend on the constitution of the electrolyte 
and the nature of the gases present. 

6. Ammonium sulphate considerably accelerates the rate of 
oxidation; and as this salt is frequently found in oxides col- 
lected from corroded pipes, it is worthy of note. 

7. The experiments indicate the following as the chief agen- 
cies of corrosion— 

A. Oxygen. 

B. Water. 

C. Certain compounds of ammonia. 











8. Experimental evidence provided by the Gas Light and 
Coke Company shows that, although the rate of corrosion of 
wrought iron is appreciably slower than that of steel, it is 
possible that even with wrought iron the fine and easily trans- 
ported rust will be still formed.* This observation has reference 
to internal corrosion only. External corrosion is another 
matter. 

g. The experiments justify the provisional conclusion that the 
complete solution of troubles due to transported oxide lies in 
one of the following courses. 

(a) To cover the internal surface of the pipe with a covering 
impermeable to water and oxygen. 


*The carbon dioxide contained a small quantity of oxygen, something 
like o'2 p.ct. 












(b) To remove completely the water from the distrib: ting 
system. 

(c) To limit as much as possible the amount of oxygen jn 
the finished gas. 


The consideration of the practicability of these three courses 
with any others that can be suggested ought to engage the 
attention of the Institution of Gas Engineers. 

It might be added that specimens from many deliveries of 
pipes to the Gas Light and Coke Company have been eiched 
with acid in the manner described in Appendix II., and quite 
a large quantity was found to be not wrought iron. Many of 
the specimens were ripped open to show the thickness of the 
joint. Expressing the thickness of this joint in terms of the 
thickness of the metal, we found some as poor as only 30 p.ct., 
although most of the samples gave a joint thickness of between 
60 p.ct. and go p.ct. This point is one that ought to be alluded 
to in a specification. 

Also several specimens were so brittle as to snap when given 
a cold bend. The makers attributed this to excessive local 
heating in the furnace used for heating the strips. 


APPENDIX IV. 


THE EXAMINATION OF GAS BARREL. 


The desirability of a standard specification of gas tubing may 
perhaps be best illustrated by reference to the results of tests 
applied to 189 samples of gas tubing supplied to the South 
Metropolitan Gas Company over a period of five months. The 
quality of the material, whether wrought iron or steel, was 
ascertained by means of the etching test described in Appendix 
II., supplemented where necessary by a microscopical examina- 
tion of the material. The results are set out in the following 

















table. 
| Percentage of Tubes found to be 
Number of 
Maker. _ Pipes = ) 
Examined. Wrought _—" Mixtures of 
Iron. — | Iron and Steel, 
I | 106 go ee | 10 
OG: «Soe 25 80 8 | 12 
BS Sine fo te 1 58 81 —< | 19 
Total 189 86 I 13 


It will be observed that 13 p.ct. of the samples were composed 
of a mixture of steel and wrought iron, which has already been 
shown to rust at a greater rate than either steel or iron 
separately. 

In addition, all gas pipes delivered to the Company have 
been examined for the absence or presence of leaks and of 
structural defects. For this purpose the pipes have been sub- 
jected internally to an air pressure equal to 100 lbs. per sq. in. 
while immersed below water, and have been carefully inspected 
visually. The results obtained over a period of 50 days are set 
out below. 





Percentage of Samples found to be 














Maker. Number of Pipes | ________—— 
‘ : Exhibiting Other 
Leaking. Defects.* 
ea er 22,474 0°36 1‘23 
Ss 2 se @ 6,948 I 29 7°13 
a a a 16,621 0°48 0°26 
Total. . 46,043 0°55 | 1°77 


* Defects: Blisters, flat parts, imperfect welding, &c. 


It will be noticed that the percentage of samples found to be 
leaking was approximately one quarter of the whole number 
of pipes rejected. It is also to be borne in mind that the defect 
classified as ‘‘ flat parts’’ may, if such flat part of a pipe !s 
screwed and joined to another pipe, lead directly to a leakage 
of gas. 


The Presipent: The report of the Wrought-Iron Tubing 
Committee has been before the Council; but the Council have 
not been able for want of time to give it the consideration they 
would desire. Therefore we have decided to present it to this 
meeting and take your opinion upon it. I will ask Mr. Ruthven 
(the Hon. Secretary of the Committee) to speak on the report. 

Mr. R. Henry RutHven (Ramsgate) : 1 am rather in a diffi- 
culty, because the report to be presented has only just appeared, 
and the members will not have had an opportunity of seeing !t. 
[ think, however, when you do, you will agree that the Com- 
mittee have done a very great deal of work for the industry; 
and I believe that all in the industry will read the report with 
considerable interest. The proposed specification has been 
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drawn-up and submitted to the Council of the Institution; but 
they have not really had time to consider it. It is being con- 
sidered by them ; but until they have done so, we shall not be in 
a position to go finally into the matter. I think the next thing 
the Committee wish to do is to consider and discuss the speci- 
fication with the manufacturers of tubes, and obtain their 
opinion. The report of the Committee, so far as it goes, is 
fairly brief ; and I will read the three clauses in which the Com- 
mittee review the evidence before them. Until we have been 
able to go more fully into the specification with the manufac- 
turers, nothing more can be said on my part. 


Discussion. 


The PRESIDENT: You have heard the introduction to the re- 
port. The amount of wrought-iron tubing used in the gas in- 
dustry is so great that this is a very important matter for us. 
We know very well that the depreciation from corrosion of 
wrought-iron tubing, especially of recent years, has been very 
much greater than it was formerly. The report is now open 
for discussion, and we shall be pleased to hear any comments 
upon it. 

Mr. E. F. Keasve (Gorleston): It has been suggested to me 
that an experience I had at Gorleston during the bombardment, 
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Damaged Side Plates of 2-Million Holders. 


and the repairs that were effected, might throw some light on 
this very important matter. There is one part of the report 
which deals with the question of water content; and I have 
brought to the meeting two of the plates which were removed 
from the gasholders at Gorleston after the bombardment. One, 
as you will see, is a wrought-iron plate. That holder has done 
forty years’ service. The other plate is steel, and is from a 
holder which has done thirteen years’ service. I am not draw- 
ing your attention specially to these plates, but to a matter 
which arose in connection with the repair of the gasholder, and 
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has a bearing on the water content. It is only fair, perhaps, to 
say that the steel plate—having regard to what we have heard 
as to the corrosion of steel in gasholders—bears some of the 
contractors’ paint still on the inside, after thirteen years; and 
the plate is certainly not corroded to anything like the extent 
we have been led to believe is the case. This goes to prove that 
the steel of pre-war days was different from the steel that has 
been used in more recent years. Also you will notice that the 
wrought-iron plate still bears some of the original scale; and 
this speaks well for wrought iron. The bombardment took 
place in April, 1918; and we had to make provision to repair the 
damage for the forthcoming season. It happened to be a very 
hot early spring, and this gave me the opportunity to take some 
observations of what was really going on inside the holder while 
the repairs were being carried out. Owing to the urgency of 
the work, we had to lower the water in the tank and carry out 
the repairs on rafts; and that gave us a chance to get inside the 
holder and examine, over a period of weeks, what was really 
going on there. If I may express it in plain language, it was 
nothing short of a shower-bath inside. I was surprised at the 
amount of evaporation that was taking place in these holders. 
It was constantly rising and forming beads on the crown, and 
then falling into the gas. There was a tremendous amount of 
water and vapour to which the gas was exposed; and this illus- 
trates the conditions inside our gasholders during hot weather, 
even when we have taken every precaution to remove the normal 
water content of the gas prior to it entering the holder. Previ- 
ous to this experience, with the coming of the hot weather we 
have had water troubles on the district ; but this experience led 
me to think deeply about the matter, and from that time I have 
used a paraffin surface for the whole of the water in the holders 
at my works. From that time onwards, you will be pleased to 
know that the trouble on the district was remedied. It may 
interest you to hear that, in a gasholder 100 ft. in diameter, we 
are in the habit of putting 120 gallons of paraffin before the hot 
weather comes on. I purposely left the paraffin off for a short 
while, but immediately the water trouble on the district began 
again. I claim nothing novel in the matter. Probably we are 
all in agreement with the value of paraffin on the surface of the 
water apart from the question that I am raising; but it does to 
a considerable extent prevent the evaporation of the water. I 
can say that, neither in the cast-iron mains nor the high- 
pressure main, which is of steel, do we experience now any 
water content in the syphons on the district. This has an im- 
portant bearing on the subject before us; and while I am in 
perfect agreement that everything possible should be done to 
make the material of tubes as perfect as possible, I think we 
must look to the water content as being one of the largest 
contributors of corrosion. 

Mr. H. D. Mappen (Cardiff): I had an experience a few 
weeks ago with regard to steel which may be of interest. I 
should like the Committee to think over it, because it has 
puzzled me very much. I am referring to a 3-in. steel tube, 
which is a water feed to a waste-heat boiler, and was perfectly 
sound when it was put to work. There was a good deal of 
vibration from the boiler; and when the boiler was opened-out, 
it was found that the tube was eaten away, and it dropped into 
the bottom of,the boiler. When we got it out, we found it was 
badly pitted—and that after being only three weeks in a boiler 
evaporating some 4500 lbs. per hour. We cannot get a solution 
of the difficulty. I might sav that the Cardiff water has only 
3° or 4° of hardness. It is a very pure water from the Brecon 
Beacons; and we have never had any trouble with our other 
boilers in this way. I should be very glad if Mr. Ruthven could 
give me some idea of why the tube should go like this after only 
three weeks’ service. 

The PRESIDENT : I am not surprised that the members are not 
able to discuss this report, because it has only just come into 
their hands. It requires a good deal of consideration. But the 
work the Committee are doing is very important to the gas 
industry; and I am sure it will be the wish of the members that 
the Committee should continue their labours. As Mr. Ruthven 
has pointed out, we cannot do verv much until we get into close 
touch with the manufacturers. Our idea, of course, is to help 
the manufacturers to make a tube which will have a longer life, 
because there is no doubt that tubes made in recent vears have 
not the length of life which those made some vears ago had. I 
do not know whether it is the steel, or what it is. The Com- 
mittee have verv wisely engaged the services of an experienced 
metallurgist, who has prepared a specification which will re- 
ceive the very careful consideration of the Committee. 

Mr. RutHven: Mr. Keable is perfectly correct in what he has 
said about the water content. If we could remove all the 
moisture from gas, corrosion would entirely cease. If the water 
content can be reduced considerably, then we may take it that 
corrosion will be reduced in something like the same proportion. 
With regard to Mr. Madden’s reference to the 3-in. steel tube on 
his boiler feed, I suggest that perhaps this particular steel tube 
was being used as a de-gasser on the boiler feed. In a de- 
gassing plant, the feed water is passed through steel over a big 
surface area which is easily corrodible, and the oxygen is re- 
moved. Consequently no corrosion can take place in the boiler. 
In this particular case perhaps the steel used was not particu- 
larly suitable for the purpose. I do not know whether it was so, 
but I cannot account for it otherwise. 
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The Joint Research Committee consists of Mr. John P. 
Leather (Chairman), Mr, J. Ferguson Bell, Prof. John W. 
Cobb, C.B.E., Dr. H. G. Colman, Messrs. Thomas Hardie, 
Douglas H. Helps, Percy N. Langford, W. E. Price, 
T, F. E. Rhead, H. E. Riley, Samuel Tagg, J.P., Octavius 
Thomas, and John Wilkinson, O.B.E. (representing the 
Institution), and Messrs. T. Allen, M. Barrett, F. H. 
Brooke, Albert Cliff, G. V. Evers, J. W. Fagan, W. T. 
Gardner, and G. H. Pearson-Perry (representing the 
Society of British Gas Industries), 

Mr. A. E. Broadberry, who served as Chairman of the 
Committee for some years, owing to pressure of other en- 
gagements, resigned last June, and his place has been taken 
by Mr. J. P. Leather. The Council have in their annual 
report warmly expressed the Institution’s indebtedness to 
him for his invaluable assistance in the work of the Refrac- 
tories Research Committee. Mr. Leather, who previously 
served as Hon. Secretary to the Committee, has been 
appointed Chairman; and his place has been taken by the 
Secretary of the Institution, Mr. Walter T. Dunn. 

The Standard Specification for Refractory Materials for 
Gas-Works has again claimed attention from the Com- 
mittee. The test for ‘‘ refractoriness ’’ as revised in 1923 
has been found not altogether satisfactory in practice. 
After much consideration and experiment, it has been de- 
cided to introduce a new test as ‘‘ The Gas Engineers’ Re- 
fractoriness Safety Test.’’ This test is intended to deter- 
mine whether the material shows “‘ signs of fusion’’ at 
the specified temperature. The refractoriness test which 
has been commonly employed indicates a much higher tem- 
perature for some fireclay materials than that at which they 

’ begin to yield. With the new test, the specified cones have 
therefore been altered.~ The Committee are still far from 
satisfied that the new test is all that is required, and re- 
search is proceeding, which may enable a more satisfactory 
test to be elaborated. 

Methods of determining porosity are under considera- 
tion, and a description of the procedure for determining 
true specific gravity has been appended to the Specifica- 
tion. 

A considerable amount of research work has been re- 
ported to the British Refractories Research Association 
during the past twelve months. By permission of the Com- 
mittee of the Privy Council for Scientific and Industrial Re- 
search, we are able to present those reports which are of 
special interest to the gas industry.* 

The communications by Mr. A. J. Dale continue his 
work on the relation between composition and refractori- 
ness under load, and the general effects of heat, pressure, 
and time on firebrick material. Our knowledge of this im- 
portant question is increased thereby, and some progress 
has been made towards a reliable standard test for refrac- 
toriness under load. This desideratum, however, still pre- 
sents difficulties. 

The investigation of the effects of load on fusibility led 
to the suggestion that pressure might be used in the manu- 
facture of clay wares to enable them to be fired at lower 
temperatures. Experiments were therefore undertaker 
to determine whether this would be economically possible. 
An abstract of the report of these is presented. 


* These follow and are: (a) ‘‘ The Relation between Under- Load Refractori- 
ness, Ordinary Refractoriness, and Composition, Physical and Chemical, of 
Refractory Materials.’’ Part II., by A.J. Dale, B.Sc., A.I.C. (b)‘‘ The Heat 
Insulating Efficiencies of Some Diatomaceous Earth Products and Slag 
Wool.'’ By A. T. Green and H. Edwards. (c)‘* The Influence of Oxidizing and 
Reducing Atmospheres on Refractory Materials.’’ Part I.—‘t Experiments 
with a Cone Mixture, containing added Amounts of a Ferruginous Material."’ 
By A. E. J. Vickers, B.Sc., and L. S. Theobald, B.Sc., A.R.C.S. 
(ad) ‘‘The Rapid Production of Vitrified Clay Wares by the Combined 
Effect of Heat and Pressure.’’ By A. J. Dale, B.Sc., A.I.C. (In Abstract.) 
There is also a paper (e) on ‘‘ Notes on: (1) Testing for Refractoriness and 
After-Contraction; (2) A Few Experiences with Refractories in Vertical 
Retorts,’’ by T. F. E. Rhead, M.Sc. (Manc), A.I.C., and R. E. Jefferson, 
M.Sc. (Manc.), A.I.C. (Birmingham Gas Department), which is reprinted 
here by the kind permission of the Ceramic Society. (f) ‘‘An In- 
vestigation of the Effects of Load Temperature and Time on the Deformation 
of Firebricks at High Temperature.’’ By A. J. Dale, B.Sc., A.I.C. (g) 
‘* Some Fallacies to be Avoided in the Standardization of any Method of 
Testing the Load-Bearing Capacities of Refractories at High Temperatures, 
and a Suggested Method for Standardization.’ By A. J. Dale, B.Sc., A.I.C, 





Adopted by the Committee, April 21, 1925. 


The work of Messrs. Vickers and Theobald on the in. 
fluence of oxidizing and reducing atmospheres on refrac- 
tory materials, which, among other things, emphasizes the 
reducing effect of water vapour, is a valuable contribution 
to our understanding of a complex problem. 

A communication from Messrs. Green and Edwards on 
the heat insulating efficiencies of some diatomaceous earth 
products and slag wool illustrates the possibilities and limi- 
tations of the conservation of heat in this way. 

Among other researches, the reports of which are not pre- 
sented here, is one by Prof. E. H. Lamb, on the deforma- 
tion of silica bricks under stress at ordinary temperatures. 
There are also a number of papers of interest to manufac- 
turers which tend to elucidate the changes taking place 
during the drying of the clay, and also during its firing. 
A study of these communications may lead to improved and 
more economical methods of production. 

The period of five years during which financial support 
was promised by the Department of Scientific and Indus- 
trial Research terminates this year. The manufacture of 
refractories involves complex chemical reactions at high 
temperatures. Research into these reactions necessitates 
the study of deep-lying scientific principles. The investiga- 
tion of these precedes the discovery of their practical appli- 
cation. It is to be hoped that the work that has been done 
will encourage the Department to continue their support, 
and that subscriptions from the industries interested will 
in future be forthcoming in greater number and amount. 


(A) 

THE RELATION BETWEEN UNDER-LOAD RE. 
FRACTORINESS, ORDINARY REFRACTORI- 
NESS, AND COMPOSITION, PHYSICAL AND 
CHEMICAL, OF REFRACTORY MATERIALS. 


PART II.—FIREBRICKS (continued). 
By A. J. Dare, B.Sc., A.I.C. 


In an introductory report, Pt. I., Bull. 5, the determina- 
tions carried out in connection with this work have already 
been outlined, together with the methods and apparatus 
of experiment. A number of results were therein presented 
showing the chemical and certain physical properties of 
laboratory-made firebricks and dealing in some detail with 
the subsidences occurring when such material was sub- 
jected to comparative heat treatments under a static load. 

In order to obtain, if possible, more definite information 
regarding the nature and amount of the load-subsidence of 
firebrick material at temperatures within the softening 
range,* one series of determinations involved a measure- 
ment of the rate and amount of deformation occurring at 
1350° C. It was hoped that the results so obtained would 
afford evidence for, or against, accepting the cone at which 
a firebrick material completely fails under load as a criterion 
of the true load-bearing capacity of that material. These 
results, in the case of the S bricks, were reported in Pt. I, 
Bull. 5, Fig. 11; those obtained with the remaining series 
of bricks are accordingly presented in this paper, together 
with a complete examination of bricks from another fire- 
clay, Lab. mark U, and a selection of typical commercial 
firebrick products. The complete data put forward in this 
paper and in Pt. I. are discussed in some detail, and the 
conclusions from this work coupled with the previous re- 
ports of Mellor, Moore, Emery, Bradshaw, and others’, are 
summarized. 


RESULTS OF EXAMINATION OF A NORTH OF ENGLAND 
FIRECLAY. 


Following out the procedure described in Part I., ont 
sets of bricks were made up from a high-grade firec!ay, 





* For the purposes of this paper the term “‘ softening range'’ is int aise 
to imply that range of temperature limited by the temperature at whict 
subsidence under a load of 50 Ibs. per sq. in. just becomes appreciable, 4° 
the temperature at which the complete failure occurs, 
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Lab. mark U, viz., straight clay and grogged bricks with 
20, 40, and 60 p.ct. grog respectively. 


U Clay, Chemical Analysis. 


Calculated Rational Analysis. 


Grain Size Analysis and Surface Factor. 
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SiO,. TiO,. Al,O,. FegOs. MgO. CaO. K,O. Na,O. Loss. 
46°52 1°99 3479 226 O13 0°04 0°56 O28 13°70 


Clay. Fels par. Quartz. Iron Oxide. Lime. 
85°74 ee 4°96 ee 3°47 oo 2°26 ee 0°40 


On 100s Lawn. On 200s. In Elutriator. Carried Over. Surface Factor. 
5°35 oe 0°68 oo 2°03 ee 1°94 oe 851 

Refractoriness of Raw Clay. Cone 31. 

Physical Data of Fired Products. 








| 
P.Ct. Vol.’ Contraction. | 
‘ Ord. 
—_— ~~~ Apparent P.Ct. Porosity.| Refract. 
Wet/Dry. Dry/Fired. | in Cones. 
U straight clay . 12°00 18°36 22°1 31 
U 20 p.ct. grog . 6°07 14 19 27°3 | 31/32 
U4O » » © 6°7 1°06 32°3 | 32 
U60 ,, » «| very low 1'07 32°8 | 31/32 


Behaviour Under Load of U Bricks up to Point of complete 
failure. (Series I.) 

The subsidence-temperature relations of the U straight 
clay and grogged bricks are recorded in Fig. I. It will 
be noted that the general nature of these curves is com- 
parable with those reported in Pt. I., Figs. 3 to 7. The 
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60 p.ct. grogged brick, however, appears to fail com- 

pletely at a slightly higher temperature than the 4o p.ct. 

grogged brick. 

BEHAVIOUR OF THE JZ, C, B, A, AND U Bricks UNDER Loap 
AT 1350° C. (Series II.) 

The method of carrying out this determination has 
already been described (Pt. I.), and the remaining curves 
of series II. are presented in Figs. 2, 3, 4, 5, 6. The de- 
termination involves heating up the test piece under a load 
of 50 Ibs. per sq. inch at a constant rate of rise of temp. of 

° per five minutes until 1350° C. is attained. The temp. 
is then maintained constant for two hours, during which 
period the subsidences are recorded. The general nature of 
these curves will be recognized together with the almost 
general effect of increasing grog content (and to a certain 
extent, increasing porosity). The accuracy of the series II. 
determinations is, undoubtedly, of a higher order than that 
attainable in Series I.; and, furthermore, since it is probable 
that the phenomen a concerned are simpler than in the Series 
I. determinations, it is preferable to consider first in some 
detail these subsidences at a constant temperature. 


(NOTE. —In figs. 2, 4, 6, 13, 14, 15, and 16, the curves are separated in 
order tol —_ out the salient points. The correct positions of the individual 
curves are indicated on the graphs.) 


A.—Detailed Considerations of the Curves of Series II. 


1.—In each case, the first or ascending portion of the 
curves represents the thermal expansion under a .load of 
50 lbs. per sq. in. of the test piece, the thrust rod, and 
the basal supports and furnace bed. Since preliminary de- 
terminations have shown that the carborundum thrust 
rod and supports display an almost linear thermal expan- 
sion under load up to temperatures higher than 1350° C., it 
follow that any marked fall from the linear of the ascend- 
ing portion of the Series II. curves marks, at least, a dimi- 





hution in the coefficient of thermal expansion of the test 
Piece under load. (For corresponding temps. see Table 1.) 
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2.—The second and comparatively flat portion of the 
curves records the mean of the two simultaneous occur- 
rences, the thermal expansion of the thrust rod, supports, 


&c., and a gradual subsidence of the test piece. 
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TABLE I. 


Showing ‘‘ Critical Range,’’ limited by Centigrade Temps. at which (a) Coeff. of Thermal Expansion under Load 
diminishes and (b) Subsidence becomes apparent. 
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(a) (b) 





1280° to 1350° 
1280° ,, 1350° 
1200° ,, 1350° 
1280° ,, 1350° 





1200° to 1280° 
1200° ,, 1260° 
1180° ,, 1250° 


Straight A 

A 20 p.ct. grog . 
A 40 ,, 
A 60 


” ” 


Straight U 
U 20 p.ct. grog 
Uso. as 


(a) (b) 
Not detd. 
1200° ,, 120c° 


1200° ,, 1200° 
Not detd. 


1220° to 1350° 
1240° ,, 1320° 
1280° ,, 1320° 








































(a) (0) 

Straight S. . 1060° to 1140° | StraightC . . 
S 20 p.ct. grog t100° ,, 1170° | C 20p.ct. grog 
49 » r0a0° ,, 100° | CO ,, ‘s 

S60 . 1» 1100° ,, 1180° Cae, 4 
Straight B. . Not detd. Straight M . 
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tempeiature between the commencement of the flat por- 
tion and the point at which initial lagging of the ascending 
portion occurs, the brick under test is unable, during this 
initial heating after kiln firing, to support a load of 50 Ibs. 
per sq. in. without subsidence. This temperature interval 
appears to be a critical range of some importance, and the 
values in the case of the experimental bricks examined are 
set down in Table 1. 

Apart from the limits indicated by Table 1, it is inter- 
esting to note that the 4o p.ct. grog bricks of the S, B, 
and C series show a diminution of the coefficient of thermal 
expansion under load at temperatures lower than with the 
other bricks of the same series. 

3-—When the required temperature of 1350° C. is 
reached, the dimensions of the thrust rod, &c., remain 
practically constant, apart from a small thermal expansion 
following thermal conduction, so that the third (descend- 
ing) portion of the curve records the rate at which load- 
subsidence proceeds, the centigrade temperature on the 
exterior of the brick remaining constant. (The tempera- 
ture on the cone scale is zo¢ constant during this heat soak- 
ing period. As 1350° C. is reached, cones 7 or 8 are 
usually down, followed quickly by cones 9 and 10, while 
after a further two hours cone 13 is down and cone 14 
well over. The cones, therefore, afford a good check on 
the actual heat treatment to which the brick is subjected.) 


B.—An Empirical Relation between Subsidence and Time. 
(Load and Cent. Temp. Constant.) 

The comparatively simple form of these series II. curves 
suggested that the behaviour of a firebrick under condi- 
tions applying during this test may be defined by an em- 
pirical relation of the form 

a = kt" 

where d@ = deformation or vertical subsidence indicated by 
the recording pointer; ¢ = time of heat soaking at 1350° C. 
at which a subsidence d@ had occurred, and 2 and m are con- 
stants characteristic of the material under test. If a 
relation of this type is applicable, log.d plotted against 
log.t should give a straight line. On trial it was found 
that the data obtained with the S, M, A, and U straight 
clay and grogged bricks satisfy this condition. (See Figs. 
7 and 8.) Owing to the uncertainty of the actual value of 
d with the B bricks which had obviously (cf. Fig. 6) under- 
gone an appreciable amount of subsidence before 1350° C. 
was reached, it was not expected that the data would be 
applicable to this relation. With the C series, the data 
of the 20 p.ct. grog brick conform with an equation of 
the above type, but the data with the other C bricks appear 
to constitute exceptions. The excellent agreement, how- 
ever (see Figs. 7 and 8 and Table 2), obtained with the 
straight clay and grogged bricks of the four distinct series 
S, M, A, and U justifies a more detailed consideration of 
this empirical relation. 


C.—The Value and Significance of the Constants. 


It can be shown that the constant & in the above equa- 
tion = (1/a)™, where a = time required for the first arbi- 
trary unit subsidence (indicating by the scale reading) = 
anti-log. of the intercept of the log. line on the log. ft 
axis. Figs. 7 and 8, i.e., rewriting the relation d = kt” 
in a slightly modified form. 


(9 


where, assigning definite values to the units, @ = time in 
mins. required for the first inch subsidence deflection of 


Determinations on the straight A and B bricks were not carried out owing to the cracked nature of the 
60 p.ct. grog was far too friable, and obviously unsuited for practical purposes. 


TI40° ,, 1240° U 60 1220° ,, 1260° 


” ” 


fired products. 

the indicating pointer attached to the test furnace, m = 
tangent of the angle the log. curve makes with the log./ 
axis, cf. Fig. 7. The values of the constants m and a can 
be read off from the graphs or calculated from the avail. 
able data. The results in the case of the S, M, U, and A 
bricks are arranged in Table 2. They may be regarded 
as summing up numerically the characteristics of the third 
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Fig. 8. 


TaBLe 2.—Showing (a) and (m) and P.Ct. Subsidence 
during the 1350° C. Test. 
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portion of the Series II. curves, and may possibly consti- 
tute a measure of the refractory value of a brick under 
load conditions. The percentage after-contractions under 
load of the bricks are also shown. This quantity indicates 
the percentage diminution in the Jength of the piece as 
shown by cold measurements taken before and after the 
test. This squatting in a vertical direction is accompanied 
by an indefinite lateral bulging. 

Examination of the figures in Table II. shows that for 
a specific clay and graded grog similar in composition, in- 
creasing the grog content causes a marked diminution in 
the numerical value of a. The value of m in the U, M, and 
A series is not materially altered by increasing the grog 
content up to 40 p.ct. The change from 40 p.ct. grog con- 
tent to 60 p.ct. grog content, however, results in a marked 
diminution of the constant m. With the S series, a similar 
diminution in the value of m is noticeable with increased 
grogging. The fact that m possesses a lower value with 
the highly grogged bricks than with the straight clay pro- 
ducts may be a point of considerable importance, as the 
following reasoning will show. A casual examination of 
the Series II. curves for any of the bricks might lead 
us to prefer a straight clay brick to a grogged brick when 
resistance to- deformation was a primary consideration. 
For example, the fact that the straight M brick (Table 2 
and Fig. 3) exhibits only a 2°30 p.ct. subsidence, while 
the 17 60 p.ct. grog brick deforms to the extent of 5°23 p.ct. 
(at 1350° C. for 2 hours), certainly appears to indicate the 
better value of the straight 17 brick from the load bearing 
point of view. 

The Standard American Load Test? involves this as- 
sumption. A more detailed consideration of the problem, 
however, indicates how fallacious such an assumption may 
prove to be in certain cases. 


Consider the equation d = (! y’ 
a 


The second differential of d with respect to t. 


ey 


2 


om —m sm—2 
s~ = ™ (m-1)a-™t 

Now the second differential coefficient is a measure of 
the acceleration with which deformation occurs, and it is 
obvious from the above that the greater the value of m 
for a given value of a, the greater the acceleration of the 
subsidence. The fact that with the straight clays a has 
a greater value than with the highly grogged bricks, e.g., 
M, U, and S, Table 2, indicates that it is only a matter 
of time before the subsidence with the straight clay 
bricks becomes equal to the subsidence with (say) the 
60 p.ct. grogged brick. After a certain time the subsi- 
dences will be equal. Beyond this time the subsidence 
with the straight clay brick will proceed at a rate greater 
than that with the grogged brick. 

Fig. 9 illustrates the point in question and the case of 
the 7 straight clay and 60 p.ct. grog bricks are considered 
in detail below. 

Consider the continuous lines in Fig. 9 as representing 
the behaviour of the 7/7 clay and 60 p.ct. grogged bricks 
during the first two hours (Series IT. determinations) treat- 
ment at 1350° C. Following out the above reasoning, it 
becomes apparent that, after a certain time has elapsed, 
the deformations, @d, will become equal in amount, and be- 
yond this time the deformation with the straight clay brick 
will proceed at a greater rate than with the 60 p.ct. grogged 
brick. Considering the concrete example of the ¥/ straight 
clay and the / 60 p.ct. grogged brick :—the deformations, 
d, will be equal, when a certain time, ¢, has elapsed. 
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Now for the %/ straight clay brick, a = 53 and m = o'81. 


1.¢., qd = (*) 


Ol 


For the MZ 60 p.ct. grog brick, a = 


tt.,4 = (Ey 
7, 


The deformations, @, will be equal when a certain time, 2, 


has elapsed. 
R t , 0.81 = t 0.54 
1.€., (=) =: (*) 


whence / = 3035 minutes. 

In other words, had the Series II. determinations ex- 
tended over a period of approx. 24 days instead of 2 hours, 
the subsidence with the 4 straight clay brick would have 
been equal to that of the 60 p.ct. grog brick; while for 
times in excess of that, the deformation with the straight 
clay brick would proceed with the greater velocity; similar 
reasoning applies to the S and U bricks. It is realized that 
with a load of 50 Ibs. per sq. in. rupture would probably 
occur before the time 7 had elapsed.. But there is reason 
to assume that the above relation between deformation and 
time will hold for lower values in the loading, when a will 
probably have a greater value and the time necessary for 
the above state of affairs to occur will be more prolonged. 
It is interesting to note that with the elastic viscous defor- 
mation of pitchy materials, Nutting® has shown the para- 
bolic type of relation to hold for variable values of the load- 
ing, the value of m being independent of the load. 

Before passing on to the results obtained with a selec- 
tion of commercial firebrick products, it is inferred from the 
above differential equation of the second order that, should 
m have a value greater than unity, the deformation will pro- 
ceed with acceleration in: tead of retardation. 
will be considered later in the paper. 


7 and m = 0°54. 


This point 


EXAMINATION, LOAD Benuaviour, &c., OF A TYPICAL 
SELECTION OF COMMERCIAL FIREBRICK PRODUCTS. 


An application made to a number of manufacturers for 
samples of firebrick material, free from silica grog, met 
with a ready response, and a representative selection of 
bricks was obtained. In many cases manufacturers were 
kind enough to supply analyses and other informative.data, 
and a considerable amount of time has thus been saved. 
Each brick has been subjected to the following determina- 
tions :— 

(a) Behaviour under load up to the cone at which com- 

plete failure occurs. 
(6) Behaviour under load at 1350° C. for two hours. 
(c) Ordinary refractoriness. 
(¢d) Apparent porosity. 
(ce) Examination of textures before testing and after com- 
plete failure under load has occurred. 
Textures, &c., of Commercial Products. 


No. 1. 





Extremely dense, wire-cut firebrick, close and uni- 
formly textured. Fairly heavily grogged, but no 
grog particles are greater than ;', in. diameter. 
Complete failure under load was accompanied by 
approximately uniform bulging of the four faces 
with no defined cleavage planes or realignment of 
pore spaces. (Sce /ater.) Stated by makers to be in 
demand for lining steel-ladles. 

No. 2.—Machine-made firebrick; close textured, very few 
grog particles larger than ;; in.; grog particles 
subangular to rounded; sparsely distributed iron 
specking. After complete failure, piece showed 
marked bulging of the four faces with badly de- 
fined trace of an incipient diagonal cleavage plane, 
which apparently would have been more marked 
had the subsidence been allowed to proceed fur- 
ther. 

No. 3.—Hand-made firebrick, product of same firm as 

~ No. 2. Texture comparable with that of No. 2. 
Failed under load with marked bulging of sides 
of piece and signs of incipient diagonal fracture; 
angle of inclination 40° to 45° to horizontal. Re- 
alignment of larger pore spaces cf. Fig. ro. 

No. 4.—Machine-made brick: numerous small black specks 

of apparently unoxidized shale; abundance of sub- 

angular grog particles, none exceeding jy in. 
diam.; fairly open texture. After failure, the piece 
showed bulging of all four faces without appear- 
ance of any cleavage plane. 
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‘Tas_e 3.—Showing Ultimate Chemical Analysis of Commercial Products. 
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5-—Hand-made firebrick. Fairly close textured with 
tendency towards laminations. Graded, angular 
to subangular particles, many showing dark cores; 
largest grog approx. 4 in. diameter; sparse iron- 
specking inthe matrix. After failure under load, 
piece showed little bending of the faces, but a 
marked diagonai cleavage plane inclined at 45° 
to 60° to the horizontal. No obvious rearrange- 
ment of the pore spaces. 

6.—Close and uniformly textured firebrick; graded an- 
gular to subangular grog, many of the grog par- 
ticles being dark-cored. Largest grog 4 in. diam. 
Numerous iron specks, small and large, through- 
out the brick. 
Failure under load accompanied by double 
diagonal V break, apex upwards, with angles of 
inclination approx. 60° to horizontal. (See Fig. 
17. 
Bending restricted mainly to the pair of opposite 
faces not traversed by the fracture. No obvious 
tendency towards realignment of visible pore 
spaces 

7.—Uniformly textured firebrick. * Abundant angular 
to subangular grog, largest particles 4 in. diam. 
Numerous small iron specks. Failed under load 
with bending of faces confined to one pair of oppo- 
site sides cf. No. 6. Incipient diagonal fracture, 
angle of inclination 40° to 45° to horizontal. 
Slight tendency towards realignment of pore 
spaces. 

8.—Remarkably close-textured exterior extending in- 
wards to a depth of 4 in. Very open textured in- 
terior, but no dark coring. Negligible iron speck- 
ing. Largest grog, approx. 4 in. diam. 
Failed under load with bulging of all four faces 
but no defined cleavage planes. 

9g.—Close-textured, semi-vitrified firebrick; heavily 
grogged, grog particles subangular to rounded, 
largest approx. 3 in. diam. Abundant iron speck- 
ing. Failed under load with fairly equal bulging 
of all exposed faces; ill-defined tendency towards 
a diagonal fracture; no marked realignment of 
larger pore spaces. 

10.—Close and uniformly textured firebrick; angular 
to subangular with few particles larger than 
‘5 in.; comparative absence of iron specking. 
Limited friability when outer surface had been re- 
moved. Failed under load with little bending of 
faces apart from actual dislocation following 
breakdown of the brick along two well-defined 
planes arranged V shape, apex upwards, angles 
of inclination approx. 70° to horizontal. No ap- 
preciable tendency towards pore realignment. 

11.—QOpen-textured firebrick. Subangular to rounded 
grog, largest particles } in. diam. Localized iron 
specking, numerous pinhole pores in matrix. 
Failed under load with marked bending of one 
pair of opposite faces, cf. No. 6, accompanied by 
a diagonal cleavage plane, angle of inclination 
approx. 50° to horizontal. Distinct tendency to- 
wards realignment of larger pores cf. Fig. 1o. 

12.—Close-textured firebrick; numerous pinhole pores; 
graded grog, all particles apparently less than 


jo in. diam. Abundant iron specking. Failed 
under load with fairly uniform bulging of the four 
faces, 





No. 13.—Coarse-textured, heavily grogged retort mate- 
rial, friable; rounded grog particles, largest 
greater than 4 in. diam. Failed under load with 
bulging of all four faces; no defined cleavage 
plane but a realignment of pores in middle portion 
of piece, into a direction making an angle of 50 
to horizontal. This phenomenon was appreciable 
on only one pair of opposite faces. 

No. 14.—Close-textured firebrick, semi-vitrified, showing 
a certain continuity between matrix and grog; 
tendency towards laminations; grog angular to 
subangular with limited number of particles be- 
tween ;5 in. and 4 in. Failed with marked bulg- 
ing of four faces of piece and incipient diagonal 
break, angle of inclination 45° to 60° to horizontal, 
Signs of pore realignment. 

No. 15.—Light-coloured firebrick; close-textured, lami- 

nated structure; graded grog with particles up to 

75 in. diam.; almost free from iron specking. 

F ailed under load with bulging of one pair of op- 
posite faces; diagonal cleavage plane, angle of in- 
clination 50° to horizontal. Marked realignment 
of larger pore spaces. 

No. 16.—One of a batch of experimental Indian Sillimanite 
bricks for which I am indebted to Mr. W. Emery. 
Close-textured, natural, graded sillimanite, con- 
taining corundum, bonded with 17} p.ct. ball 
clay, previously examined in this work (see B 
Series, Part I., Bull. 5, and alsothis paper). Failed 
under load with a double diagonal, inverted V, 
break approx. 65° to 70° to horizontal. No appre- 
ciable pore realignment. 

Types OF FAILURE OF FIREBRICK MATERIAL UNDER Con- 

PRESSIVE STRESS AT HIGH TEMPERATURES. 

Before proceeding with any attempt at generalization or 
correlation of the comparatively large amount of data at 
our disposal, it is considered preferable to deal in some de- 
tail with the nature of the breakdown of the pieces. ‘The 
fact that apparently failure of refractory material under 
load at high temperatures may occur in at least two ways, 
according to the nature of the malign the bulged squait 


and the diagonal fracture (see Figs. 17 to 20, this report), 
appear to complic ate an already ae set of pheno- 
mena. 


The appearance’ of the bricks after bites, however, 
shows that :— 

(2) Bricks which fail with a marked bulging of the faces 
may, nevertheless, show signs of an incipient diago- 
nal fracture. 

(+) Bricks which fail with a well-defined diagonal frac- 
ture show, in addition, a certain bulging of the faces, 
and it is significant to note that with these bricks 
failure occurs only when a comparatively sinall 
amount of subsidence has occurred. 

A rational explanation of the two types of failure is gi 
later. In connection with the diagonal fracture, V. Bodin’ 
has levelled a direct criticism at the Mellor and Moore ap- 
paratus and results. Using an elaborate modified Frémont 
metal-testing apparatus, Bodin obtains such high crus))ing 
strengths for fireclay products as 20, 40, or even 60 kgms. 
per sq.cm, at 1500° C., approx. Cone 18 (7.¢., from 6 to 
18 times the strength one might expect from the Mullor 
and Moore results for similar materials at similar tempera- 
tures); he proceeds to attribute the compratively !ow 
crushing strengths suggested by the Mellor and Moore re- 
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sults to an unavoidable eccentricity in the loading. This, he 
says, results in a shearing effect which causes early frac- 
ture along an inclined plane. In this Bodin makes the 
serious error of attributing to a defect in the testing appa- 
ratus a result which is governed essentially by natural 
laws. 

The fact that ductile materials under compressive stress 
exhibit lateral expansion is evidence of the extremely com- 
plicated system of internal stresses involved during defor- 
mation under load; and the additional fact that numerous 
types of constructional and other materials, e.g., cast iron, 
timber, limestone, asphalt, bricks, concrete, &c., fracture 
along definite inclined planes has, for many years, been 
accepted by engineers as a characteristic feature of such 
materials, and as evidence that the net result of the com- 
plicated system of internal stresses is summed up, so far 
as rupture is concerned, by two resultants acting respec- 
tively parallel and perpendicular to the plane along which 
rupture occurs. 

The experimental work of J. J. Guest’, followed by that 
of E. L. Hancock’ and others, resulting in the ‘‘ Guest 
Theory,’’ related the angle of inclination of the breaking 
plane with the internal friction and inter-particle cohesion 
of the material, and has led W. W. Emley* to suggest the 
determination of the inclination of the break as a measure 
of plasticity. Regarding the alternative test suggested by 
V. Bodin‘, it is important to note that the procedure 
adopted by him involves :— 

(a2) The use of a cubical test piece of side less than 1 in. 

(20 mm.), 

(>) The application of the load in a time interval of one 
minute or less when the piece has attained the re- 
quired temperature. 

In connection with (a), Prof. Perry’ has stated that the 
use of cubical test pieces yields results far in excess of the 
true crushing strength of the material. This is substan- 
tiated by experimental evidence."* (b) Dickenson,"' working 
on the tensile strengths of steels at a red heat has stated 
that, from a quantitative point of view, the results ob- 
tained by rapidly applied loading are so much in excess 
of the true resistance of the material to deformation as 
to be useless; while recent work on the rapid loading of 
refractories’ at temperatures of roco® C. and above has 
proved that the strength so determ'ned is so largely a func- 
tion of the rate of increase of the loading as to render the 
results illusory and practically meaningless. 


Fig. 10. 








In concluding this section Fig. 10, which illustrates the 
appearance of the faces of certain of the pieces after sub- 
sidence, is not without interest. Several of the pieces after 
failure show this curved laminated structure on the 
pair of opposite faces traversed by the line of fracture; 
generally speaking, the curvature of the lines is such that 
they cross the fracture plane at right angles and bend 
round so as to become parallel to the top and bottom faces 
of the piece. For this reason, the author prefers to regard 
the lines as resulting from a flattening and linking-up of the 
originally irregularly orientated pore spaces. Their ap- 
pearance certainly affords evidence as to the main stress 
distributions within the piece, and may possibly have a 
useful application from the constructional engineer’s view- 
point. In this connection, it is significant to recall that 
Bleininger and Brown” have shown that failure along a 
diayonal plane occurred when a single test brick was re- 
placed by a small pier of bricks. 


Series I. CURVES OF THE COMMERCIAL FIREBRICKS, &C. 


The Series I. curves (Figs. 11 and 12), obtained with 
the bricks Nos. 1 to 16, indicate the rate at which subsi- 
denees, under a load of 50 Ibs. per sq.in., proceed as the 
temperature, indicated above 1350° C. by cones placed 
adjacent to the test piece, is raised at an approximately 
uniform rate of 600° C. per hour. Above cone 14, this cor- 
responds roughly with two cones down per five mivutes. 
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In Figs. 11a and 12a, the same data are plotted against 
the brick face temperatures as recorded by an optical 
pyrometer sighted on a piece of carborundum adjacent to 
the test piece. (For more detailed information regarding 
the behaviour of these bricks at temperatures below 1350° 
C., refer to the corresponding curves in Series I1., Figs. 
13, 14, 15, and 16.) A joint consideration of the Series I. 
and Series II. curves for any particular brick facilitates 
the formulation of a definite conception concerning the 
continuity involved in the behaviour of a firebrick under 
load at high temperatures from that point at whieh the 
thermal expansion falls off, to the point at which complete 
failure occurs. 

Referring to the curves in Figs. 11 and 12 (or Figs. 11a 
and 12a), the variable nature of the subsidence preceding 
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complete failure becomes apparent. In some cases, e.g., 
Nos. 2, 5, 6, and 16, subsidence does not assume any 
marked acceleration until the temperature approaches 
that at which complete failure occurs, and it is sig- 
nificant to note that in these cases the diagonal type 
of fracture is usually well defined. On the other hand, 
with certain bricks, e.g., Nos. 12 and 14, the subsidence 
proceeds with a very gradual acceleration over a com- 
paratively wide range of temperature. Generally speak- 
ing, however, the higher the cone at which the complete 
failure under load occurs, e.g., Nos. 2, 3, 5, 6, 8, 10, and 
16, the more protracted the temperature range during 
which the effect of temperature, on resistance to deforma- 
tion, is comparatively small. Conversely, marked subsi- 
dence at comparatively low temperatures, e.g., Nos. 1 
and 4, is reflected in complete failure under load at a cor- 
respondingly low temperature. 

Curves similar to these have already been reported by 
Endell" and Steger’ with firebricks of foreign manufac- 
ture; a collection of results obtained with such material 
has recently been published by Hirsch and Pulfrich,”* and 
shows that, with silica-alumina refractories tested under 
a load of 2 kg. per sq.cm. (28°5 Ibs. per sq. in.), the 
range during which appreciable subsidence occurs may be 
as low as 80° C. or as high as 500° C., according to the 
nature of the material. The highest temperature recorded 
by the latter authors, before complete failure occurred, was 
1700° C., the lowest, 1370° C. In certain cases, subsidence 
became appreciable at so low a temperature as 1130° C. 
Wilson” has recently published a report on the examina- 
tion of a number of American firebricks by an analogous 
method. 


Series II. CuRVES OF THE COMMERCIAL FIREBRICKS, &c. 


Figs. 13, 14, 15, and 16 represent graphically the be- 
haviour of the commercial products when heated to 
1350° C., at the rate of 50° C. per five minutes (load 50 Ibs. 
per sq.in.), the temperature being then maintained con- 
stant for a further two hours. The abscisse therefore re- 
present both temperature and time up to the 1350° C. mark, 
and time beyond that point. It is interesting to note that 
the data relating to the descending portion of these curves 
are connected by the empirical relation previously brought 
forward in connection with the experimental bricks. 


1.¢., ad = kt", wherek = (<): 


the values of m and a being determined either by calcula- 
tion or from the graphs obtained when the logs. of the 
subsidences are plotted against the logs. of the correspond- 
ing times. (For value of constants, see Table 4.) 
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The second differential of d with respect to 2, 
tM. Od = km(m-1)t~ 
at 
is a measure of the acceleration with which the deforma- 
tion proceeds. Now, when m is less than unity, the right- 
hand side of this equation is negative; therefore, the velo- 
city of subsidence is diminishing as time proceeds (c/. 
Curves 12, &c., Fig. 15). When m is equal to unity, the 
right-hand side of the equation equals zero, 7.¢., deforma- 
tion proceeds with a constant velocity, Curve No. 8, Fig. 
16. When m is greater than unity, the right-hand side 
of the equation is positive, 7.e., the velocity of subsidence 
increases as time proceeds, Curve No. 6, Fig. 13. 

The significant points of the Series I. and II. curves of 
the commercial bricks are grouped in Table 4, together 
with the apparent porosities. The figures included under 
the heading Critical Range indicate (a) the temperature at 
which the coefficient of thermal expansion under load first 
shows a lag; (4) the temperature at which the first definite 
sign of subsidence can be detected. This is a very indefi- 
nite point. It will be noted that bricks Nos. 1 and 4 possess- 
ing relatively low temperatures of failure in the Mellor and 
Moore test, show a lag in thermal! expansion under load at 
the relatively low temperatures of 1000° C. and 1100° C. 
respectively. (Figs. 13 and 14.) 

The remainder of the bricks show this lagging before 
1300° C. is exceeded; but 1200° C. appears to be 4 
critical temperature in the majority of cases. With Nos. 
2, 3, 5, 6, 8, 10, and 16, subsidence is inappreciable at 

350° C. until a certain heat-soaking has taken place. This 
effect may possibly be connected with the thermal conduc- 
tivity of the materials. 

A SUGGESTED CLASSIFICATION OF |FIREBRICKS BASED ON 
THEIR BEHAVIOUR UNDER Loap at HiGH TEMPERATURES. 

A classification of firebrick material into groups possess- 
ing characteristics which appear to be of high importance 
to the user of this type of material has been derived irom 
reasoning on the following lines. A brick substance which, 
in the modified Mellor and Moore test, does not show 
marked softening at temperatures in excess of normal kiln 
firing temperatures, might not be expected during such 
kiln firing, owing to the obviously high viscosity of the 
matrix at those temperatures, to attain so marked a de- 
gree of interparticle, or intermatrix-grog, cohesion as 4 
brick substance which, in the Mellor and Moore test, shows 
obvious signs of softening at relatively lower tempera- 
tures. 

On the reasonable assumption™ that resistance to de- 
formation is mainly a joint effect of the property of internal 
friction (which may be summed up chiefly by the viscosity 
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TaBLe 4.—Physical Data, Load Behaviour, &c., of Commercial Firebrick Products. 


| Data from Series I. 
Determinations Figs. 


Data from Series Il. Determinations Figs. 








Brick Ord. Refrac. P.Ct. P.Ct. 
No. in Cones. Cone of Cone of Corresponding Subsidence | _Porosity 
Commencing Complete Brick-Face Critical Range Constants. After (Apparent). 
Subsidence.* Failure. | Temperature. P 2 Hours at 
| | 4 1350° Under 
| (a) (m) Load. 
(1) (2)t 
I 16/17 5 11/12 1370° C, 1to00® C.- 1260° C. 41 0°50 | > 20°00 12°4 
2 29 13/14 20/26 1550 1200 - 1350 270 0'60 I 29 29'5 
3 29 14/15 20 1550 1280 -> 1350 240 1°84 0°65 25'9 
4 17 9 15 1430 1100 - 1250 2°8 0°57 | > 20°00 28°1 
5 32/33 16/17 | 20/26 1560 1200 -> 1350 363 1°40 © 45 25°9 
6 30 17/18 20/26 1570 1300 -> 1350 170 2°25 0°79 20°6 
7 29 11/12 18/19 1510 1160 - 1280 2 0’63 3°64 22°7 
8 29 16 20/26 1570 1280 -> 1350 166 1°06 1°38 26°1 
9 30 14 19 1530 1200 - 1320 29 0°70 4°09 | 21 6 
Io | 30 15 20/26 1560 1200 -> 1350 240 1°33 0°83) | 22°8 
II | 20 II 16/17 1460 1200 - 1350 118 0°58 2°28. | 27°1 
ae 30/31 8 17 1460 1200 - 1300 15 0°54 4°86 | 27°5 
= J 29/30 10 | 16 1450 1200 —- 1340 | 44 0°77 3°68 | 24°3 
14 | 30/31 | 8/9 18 1500 1200 - 1300 35 0°72 3°76 20°2 
15 30 9 } 18 1500 1200 — 1300 32 0'70 3°35 | 20°7 
16 > 35 16 27/28 1630 1260 -> 1350 | 417 2°00 0°46 24°7 











* When subsidence of at least 4; in. has oceurred. 


+ Point at which subsidence can be detected. 


The values of the constants (a) and (sm) for bricks Nos, 3, 5, 6, 10, and 16 can only be regarded as approximate owing to the small subsidence occurring. 


of the matrix) and the property of interparticle cohesion 

(including intermatrix-grog cohesion), we would expect 

the existence of three types of firebrick material to be de- 

monstrated by the Mellor and Moore load test result modi- 
fied so as to include an indication of the subsidence preced- 
ing failure and also a description of the type of break. 

These three classes are :— 

Class (a2) With bricks of this class deformation results 
mainly from the effect of temperature on the pro- 
perty of cohesion. 

Class (6) Deformation results principally from the effect of 
temperature on the viscosity of the matrix. 

Class (c) Deformation results from a more evenly distri- 
buted effect of temperature on both the above 
properties, 

lhe essentially practical significance of such a classifica- 
tion will now be demonstrated by reference to the figures 
in lable 4, and the load-subsidence results, Figs. 11 and 
12 (or Figs. 11a and 12a), obtained with the commercial 
firebricks. 

CLASS A.—Bricks 5, 6, 10, and 16 are excellent ex- 
amples of this class. Their behaviour under load is 
almost incompatible with essentially viscous deforma- 
tion. They failed rapidly after a gradual initial 
subsidence; they show little bulging of the faces 
except in the neighbourhood of the actual planes of 
fracture; portions of the piece removed from the actual 
fracture are undeformed (see Fig. 17). Taken collec- 
tively, these facts indicate that the viscosity of the matrix 
is, undoubtedly, high, and that failure is not so much the 
result of diminished viscosity, but rather follows a diminu- 
tion in the property of cohesion and actual separation. It 
can be asserted, therefore, with some degree of confidence, 
that those firebricks which, in this work, did not fail in 
the Mellor and Moore test until temperatures of cone 20 
or above and which also conform to the limitation set out 
above, belong to a class of firebrick which should, owing 
to their comparative freedom from purely viscous deforma- 
tion, satisfy the requirements for a firebrick whose predo- 
minant property is resistance to deformation at tempera- 
tures and load conditions obtaining in the carbonizing in- 
dusiries. At the same time, it is desired to point out that 
such bricks, owing to freedom from softening, would pre- 
serve a hard and open texture at these temperatures, with 
a resulting high permeability factor which may or may not 
be desirable for certain purposes.” For example, the poro- 
sity of Brick No. 6 was only lowered by o’g p.ct. by heat- 
ing under a load of 50 Ibs. per sq.in. for two hours. Bricks 
of this class show values of m greater than unity with cor- 
respondingly high values of @ (cf. Table 4). 

CLASS B.—Bricks Nos. 1 and 4 are typical examples 
of this class; they show a tendency towards appreciable 
deformation over a wide temperature range with a 
comparatively low upper cone-limit; they fail under 
load with a typical softening squatt (see Fig. 
20), and the deformation proceeds with a _ gradu- 
ally increasing velocity as the temperature is raised. 


If actual cleavage occurs, it does not assume any defi- 
nite alignment. the behaviour of these bricks under 
load ts, therefore, consistent with a continuous diminution 
in viscosity with rise of temperature. Brick No. 12 con- 
stitutes another example. Members of Class B examined 
fail under load at temperatures from cone 17 (or 1470° to 
1480° C. on the optical pyrometer) downwards, and pos- 
sess relatively low values of the constants a and m as shown 
by their behaviours under load at 1350° C., and the value 
ol m is in all cases less than unity. (See Table 4.) 

CLASS C.—This appears to be an intermediate group- 
ing into which, no doubt, the majority of _ fire- 
bricks will fall. It may contain bricks which are 
capable of sustaining a load of 50 lbs. per sq.in. 
up to temperatures of cone 20/26 (or greater than 
1540° to 1550° C.) before rapid failure occurs; in other 
cases, members of this class may fail rapidly at cone 
16/17 (or 1460° to 1470° C.). Before complete failure, these 
bricks show marked signs of softening accompanied by 
actual rupture (see Figs. 18 and 19). It appears that a true 
differentiation between members of this group will be 
arrived at from a consideration of the relative values of 
the constants m and a in a manner which has previously 
been described, but, at present, further evidence is required 
concerning the practical significance of the value of a, and 
the limiting values between which it should fall. Con- 
sideration of curves Nos. 2 and 3 (Fig. 13) indicates that 
bricks of this class which do not fail completely until the 
comparatively high temperature of cone 20 (or approxi- 
mately 1540° C. under the test rate of heating) has been at- 
tained in the Mellor and Moore procedure (Bricks 2 and 3), 
possess the property of high viscosity in the matrix until 
a comparatively high temperature, /.c., greater than 
1350° C., has been reached. In these cases, however, once 
a marked softening in the brick substance has commenced, 
it proceeds with a relatively sapid acceleration. It appears 
extremely possible that a proper consideration of the nature 
of the subsidence curve determined by the modified Mellor 
and Moore procedure will lead to extremely useful con- 
clusions as to the suitability of a brick of Class C for a 
purpose where a known set of conditions exist. For ex- 
ample, consistent with a certain resistance to deformation, 
a refractory might be required which will possess a low 
permeability factor at working temperatures; apart from 
increased resistance to gas or slag penetration, this pro- 
perty would also suggest a marked resistance to abrasion 
by flue dust, &c.; and a suitably chosen refractory of Class 
e might be expected to possess, in addition to the required 
resistance to deformation under load, the property of de- 
veloping, at working temperatures, these desirable charac- 
teristics to a degree not obtained with the non-softening 
members of Class A. 

Experimental evidence in favour of this argument has 
been obtained by a re-determination of the porosities of 
Bricks 12 and 14, which show, after the load treatment at 
1350° C., a reduction of 4°7 p.ct. and 3°4 p.ct. respectively 
in the apparent porosity values. This point is brought for- 

ward as indicative of the wide applicability of the load- 
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subsidence data representing the behaviour of the material 
under the modified Mellor and Moore test procedure. Figs. 
17, 18, 19, and 20, reproduced from diagrams drawn to 
actual size in outline, from certain of the bricks after 
failure, demonstrate clearly the appearance of bricks of 
these three classes after failure has occurred. 

Fig. 17, drawn from Brick No. 6, after testing, shows 





” 
ae 7 


P 











Fig 19. 


the comparatively smal] amount of subsidence, d,, which 

precedes failure with the Class A bricks. 

Figs. 18 and 19, the outline of bricks Nos. 15 and 2, 
are representative of the failures under load of Class C 
bricks. 

The subsidences, d2 and ds, are greater than with Class 
A, and although there are indications of diagonal rupture 
planes, marked softening of the pieces has obviously 
occurred, as is shown by the bulging of the faces. 

ig. 20 shows the softening squatt of Brick 4, typical 
of Class B. There is symmetrical bulging of the faces with 
no defined rupture planes. The dotted outlines in these 
diagrams represent the same section of the piece before 
testing. It is hoped that these diagrams will facilitate the 
visualization of that physical distinction between the rup- 
tures of the under-load subsidences of Classes A and B 
which is so apparent when the actual pieces are examined, 
and at the same time afford more obvious evidence of the 
intermediate nature of Class C. 

Errecr OF TEXTURE AND POROSITY ON THE ORDINARY 
REFRACTORINESS AND LOAD BEHAVIOUR OF T° IREBRICK 
MATERIALS. 

lhe results already presented in this paper dealing with 
the behaviour of firebrick material at temperatures within 
the softening range point to the considerable care which 
is necessary in any attempt at correlation of texture with 
the load behaviour of refractory material at high tempera- 
tures. If any connection between texture and load be- 
haviour is to be expected, it will involve essentially the 
effect of the original texture on the rate of change of this 
texture during load treatment at elevated temperatures. 

The definition of texture itself involves a consideration 
of :— 

(2) The nature of the matrix, governed by the degree of 
vitrification, refractoriness, &c. 

(4) The degree of cohesion between the matrix particles 
and the matrix and the grog, no doubt dependable 
on (1) the nature of the grog, angular or otherwise, 
chemical similarity between grog and matrix, &c.; 
(2) degree of kiln firing attained. 

(c) The degree of distribution of certain undesirable 
minerals throughout the matrix. 

It is considered desirable to make this problem the sub- 
ject of a later report, and to restrict the present discussion 
to a presentation of certain empirical facts indicated by 
the foregoing results. 

Grog Effects. 

1.—With three of the experimental clay-grog Series, B, 
M, and U, B being a readily vitrifiable ball clay 
yielding a smooth angular grog, JZ and U more 
highly refractory non-vitrifiable clays yielding 
porous grog, increasing the grog content resulted 
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in an increase in the ordinary refractoriness. In 
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this respect, the result with the S clay brick appears 
to be anomalous. 

2.-—When the behaviours under load at a constant ten 
perature of 1350° C. are considered (Figs. 2, 3, 
5, and 6), increasing grog content almost invariably 
results in an increase in the rate and amount of sub- 
sidence occurring during a limited time interval. But 
it has been demonstrated previously in this pap« 
that the rate and amount of subsidence, especiali 
in the case of the highly grogged bricks, may, in 
certain cases, after a more extended time interval, 
be less than with the bricks of lower grog content 
or the straight clay bricks. The rapidity of th 
initial subsidence is, however, evidence of the care 
needed during the initial firing of a setting. 

3-—-In so far as the experimental bricks are concerned, 
the cone or brick face temperature under the fixed 
rate of heating at which complete failure occurs 
under load of 50 Ibs. per sq. in. is lowered by in- 
creasing the proportion of grog with a specific clay 
(cf. Figs. 3 to 7), Pt. I., Bull. 5., and Fig. 7 of this 
report. 





The generality of this statement is necessarily 
limited by the special conditions imposed during this 
work, for example, the nature of the grog grading, 
and the upper limit of grog content. 

That such a generalization will not hold for othe: 
clays with a different grog grading has already been 
demonstrated by Mellor and Emery.” 

Porosity i ffect. 

The results obtained with the S, B, C, W, and A straight 
clay bricks, Pt. I., pp. 28 and 29, Bull. 5, and with the / 
straight clay brick (p. 2 of this paper), show that the rela- 
tion between porosity and ordinary refractoriness is very 
ili-defined. The C, M/, and A clays, with which vitrification 
following the cone 13/14 kiln firing has obviously not pro- 
ceeded to any marked extent, possess porosities and ordi- 


PERCENTAGE POROSITY 





20% 40% 60% 
% GROG CONTENT 
Fig. 21. 


nary refractory values higher than those of the B clay 
brick, apparently very vitrified, and the S clay, semi- 
vitrified, yet if we confine our attention to the grogged 
bricks, there appears to be no connection between ordi- 
nary refractoriness and porosity with bricks of different 
ultimate chemical composition. A similar remark applies 
to the relation between porosity fer se and behaviour under 
load. In Fig. 21, the values of the apparent porosities of 
the experimental bricks are plotted against the percentage 
grog contents. These curves show clearly that the rate of 
increase of apparent porosity with increasing grog con- 
tent diminishes as the value of the grog content increases. 
This fact suggests that the porosity effect in the behaviour 
of firebricks under load at high temperatures is intimately 
connected with a texture effect involving the nature of 
the porosity, as suggested by Green" in his consideration 
of thermal conductivity. 
RELATION BETWEEN THE ORDINARY REFRACTORINESS AND 
THE BEHAVIOUR UNDER LOAD oF FIREBRICK MATERIALS. 


Of the sixteen commercial firebricks examined, the two 
which gave decidedly low values_in the ordinary refractory 
test, Nos. 1 and 4, and failed at comparatively low tempe- 
ratures in the Mellor and Moore test, showed evidence of 
marked softening at relatively low temperatures, and sub- 
sided to an extent greater than 20 p.ct. of their origi- 
nal length when treated under load at 1350° C.  Con- 
versely, sillimanite brick No. 16, with an ordinary re- 
fractoriness greater than cone 35, did not fail in the 
Mellor and Moore procedure until cone 27/28 (1620° to 
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1030° C. on the optical pyrometer) was attained, showed 
little traces of softening during subsidence, and, 
alter heating under load at 1350° C. for two 
hours, the diminution in length was only o'46 p.ct. 
If, however, the china clay (C) experimental bricks 
be left out of the consideration, there is little 
evidenoe in the ordinary refractory results of the re- 


a 


maining 37 experimental and commercial bricks which can 
safely be relied upon as affording any indication of the be- 
haviour of these products under load conditions at elevated 
temperatures. In some cases the result of the ordinary re- 
fractory test is extremely misleading, if we are to accept 
a suitably interpreted result of either of the load tests ap- 
plied in this paper as indicative of the tendency of the 
bricks to deformation in commercial settings where 
stresses, due either to superincumbent weight or to re- 
stricted thermal expansion, may assume appreciable mag- 
nitudes. For example, Brick No. 11, with an ordinary re- 
fractoriness of cone 20, is better capable of resisting de- 
formation (as exemplified by the curve obtained by either 
load test), than Brick No. 13-or the experimental grogged 
bricks of the S series, which possess ordinary refractory 
values of four, or four-and-a-half, cones higher. 

Brick No. 6, ordinary refractoriness cone 30, stands up 
much better under load than Brick No. 12, ordinary re- 
fractoriness cone 30/31, while at the same time the charac- 
teristics of the subsidence curves either in Series I., Figs. 
11, 11a, 12, and 12a, or in Series II., Figs. 13 and 15, are 
entirely dissimilar. 

Bricks Nos. 2 and 3 are referred to as a concluding ex- 
ample; although there is nothing striking about their ordi- 
nary refractoriness of cone 29, these bricks give particu- 
larly good results in either of the load tests, and are known 
to have given great satisfaction as retort material in an 
industrial setting. 

Summary. 


The more important indications of the experimental re- 
sults reported in Parts I. and I. of this work may be sum- 
marized as follows : 


(1) Lhe information obtained from the ordinary refrac- 
tory test is not a reliable criterion as to the be- 
haviour of refractory material of the alumino-silicate 
type under load conditions at elevated temperatures; 
nor can the cone or temperature at which complete 
failure under load occurs be accepted as an infal- 
lible indication of rigidity at lower temperatures. 
Under the test conditions of this work, all the fire- 
brick materials examined exhibit a diminution in the 
coellicient of thermal expansion under load at tem- 
peratures below 1300° C.; in certain cases as low 
as 1000° C., but with the majority of materials 
1200° C. appears to be a critical point in this re- 
spect. 

(3) Complete failure under load at high temperatures is 
preceded by deformation occurring during a more or 
less extended temperature range. 

The rate and amount of deformation (d) under load 
at 1350° C. is related to the time (t) of heat treat- 
t m 
a ) : 


(4) 


ment at this temperature by the equationd = 


With tbe units adopted in this report, a value 
of m greater than unity is an indication that ultimate 
failure under load results chiefly from the effect of 
temperature on the property of cohesion; a low 
value m accompanies deformation with marked 
soitening or diminished internal friction of the brick 
substance. 

\With three experimental clay-grog mixtures, the 
value of m was lower with the highly grogged bricks 
than with the bricks of lower grog content or the 
straight clay bricks. 

\ classification of firebrick materials, based on their 
load behaviour at high temperatures, has been sug- 
vested, and the wide applicability of the data from 
the modified Mellor and Moore test, coupled with a 
suitably interpreted result of the 1350° C. load test, 
has been indicated. 


~~ 
se 


(6) 


The combined data obtained from these two tests may 
Constitute reliable criteria as to the properties of refrac- 
tory material at working temperatures, apart from actual 
resistance to deformation, e.g., permeability, resistance to 
abrasion, vibration, gas and slag penetration, &c. 
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THE HEAT-INSULATING EFFICIENCIES OF 

SOME DIATOMACEOUS EARTH PRODUCTS 
AND SLAG WOOL. 

H. 


By A. T. GREEN AND EDWARDS. 


INTRODUCTION. 


In a recent paper by one of the authors’, the thermal 
conductivity and some other properties of two commercial 
heat-insulating materials were defined. ‘This paper, also, 
mentioned a suggestion made by Hutton and Beard* in 
1905, concerning the placing of a layer of low-conducting 
material between the exterior casing and the interior 
lining of a kiln, furnace, oven, or retort, as means of re- 
ducing the loss of heat by way of the weils. The use of 
insulating material in this manner is becoming general. 
However, little experimental work has detailed the effects 
of such an interposition on the temperature gradients 
within a firebrick wall, the hot which is main- 
tained at certain high temperatures. The present paper 
deals with this aspect of the subject, and from the results 
so obtained, the approximate heat-insulating efficiencies 
of the various materials used have been computed. Be- 
sides these results, other data concerning the structural 
efficiencies of the various materials have been obtained. 
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THE MATERIALS OF EXPERIMENT. 


Diatomaceous products and slag wool formed the prin- 
cipal materials of experiment. Two different varieties of 
the former—the one, a pure earth containing 92 p.ct. of 
SiO., the other a very impure product, containing a con- 
siderable amount of clayey matter and iron oxide, were in- 
vestigated. The purer material, obtained from California, 
was used in two different forms, viz., (a) as a powder, 
packed to a consistency of (1) 5 Ibs. per c.ft. (Material A, 
see Table 1) and (2) 22 Ibs. per c.ft. Material B; (?) as a 
slab (Material C). This slab was not a fired product, but 
a piece cut from the original deposit to the dimen- 
sions 86 in. X 4°2 in. X 2°5 in. In such a_ state, 
this material is supplied to industry. The slab, which 
was very light, and contained the usual cellular structure 
of diatomaceous products, also showed a defined lamellar 
appearance. This fact is of particular significance, since 
in the experiments whien heat was applied to one face of 
the material, the laminations of which were perpendicular 
to the direction of heat flow, splitting occurred along three 
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TABLE 1. 
TORS EE ME OT SO gee | | 
7 . . | App. Porosit Retractor 
Material. SiO,. | TiO,. Fe,03. Al,O3. | CaO. Sp. Gr. | Piece amen og y 
A. 92°70 | da o 88 4°46 0°44 0°08 96'2 Cone 32 
| } (1710° C.) 
B. BN + o 88 a4 | a6 0'34 84°3 “3 
Baths: aris} os | me 0°88 ‘ae ~ 046 78°7 fy 
ae ee 75°17 0°99 5°56 11°33 1°54 0°53 76°5 Cone 7 
| (1230° C.) 
E. 30°92 0°56 0°47 24°70 35°62 0°34 88'1 Cone 07A 
| (960° C.)* 














_ .*For this test pulverized slag wool was mixed with dextrine, dried, &c.. and the test carried out on such a test piece. There were no very definite 
indications of fusion, although the test piece apparently squatted in a manner similar to ordinary fireclays. 


or four such lamellar planes. The production of this split- 
ting affects to some degree the insulating property and 
also the mechanical strength of the slab. 

The powder was obtained from the same deposits as 
the slab. The grains of this powder possess the same 
cellular structure as the slab material. This pure material 
maintains its porosity in nature and in quantity, at a tem- 
perature of at least 1200° C. Other properties of these 
materials are given in Table 1. 

The second variety of diatomaceous earth (Material D) 
was in the form of a brick of original dimensions 9°4 in. X 
48 in. X 2°8 in. which had been moulded in the semi- 
plastic state and fired to a low temperature in the region 
of 800° C. 

In the insulating tests the impure diatomaceous mate- 
rial D was in one experiment subjected to a face tempe- 
rature of 1100° C. Definite signs of warping were noted, 
suggesting incipient fusion. With the object of limiting 
the safe temperature of practical use, pieces of this mate- 
rial were heated, for various periods of time, to different 
temperatures, and the change in the nature and quantity 
of porosity, together with changes in the appearance were 








noted. These are tabulated in Table 2. 
TABLE 2. 
| P.Ct. 
|Apparent 
No. Treatment of Piece. | —" ae i. 
| Treat- 
ment. 
3 | a ae 
I Piece heated from ordinary tem- 


( 
| Colour as in the origi- 


peratures to 700° C. in 3 hours. ; 
735°3 | nal piece. 


Maintained at this temperature 
for one hour. 


2 Piece raised to 800° C. in4 hours. | l Gntnnrienta the origi- 


75°3 || nal piece. 

Colour the same asin 
3 Piece raised to 900° C. in 5 hours. | | the original mate- 
Maintained at this temp. for ) 74°3 | rial. Appears, how- 


Maintained at this temperature | 
for one hour. 


2 hours. ever, to be not so 
friable. 





Colour darkened con- 

4 Piece raised from ordinary temp. |) siderably. Certain 

to 1050° C. in 2 hours and then ||, amount of fusion 
removed. Atmosphere of kiln || 


porosity much al- 
tered. 

The effects noted in 
4 carried on to a 
greater degree. 


somewhat reducing. | 

5 Piece raised to 1150° C. in 3 hours. | ) 
Piece then removed from fur- | | 
nace. Atmosphere as in 4. 


Li | obvious. Natureof 
69°2 } 


| J 


From the observations it seems definite that the safe 
limit for the hot face temperature of this insulating 
material D is in the neighbourhood of 1ooo® C. 

The slag wool (Material E) is a fibrous material which 
had been made by the action of steam on blast-furnace 
slag. The nature of the porosity of such a material is 
very different from that which obtains in diatomaceous 
earth products. Comparatively speaking, the air spaces 
are considerably larger in the slag wool, and consequently 
it may be expected that its insulating capacity will be less 
than that of diatomaceous earth products. Experiments 
were carried out to determine the temperature at which 
slag wool loses its fibrous structure. Samples were 
heated to temperatures ranging from 500° to goo® C, After 
treatment at 650° C. for 2 hours the slag wool showed no 
signs of disintegration. The same treatment at 700° C. 
produced evidence of the breakdown of the structure, 
while such a breakdown was realized by treatment at 
750° C. and 800° C:, some powder being formed. This 
defines the statement that slag wool cannot be used suc- 
cessfully for any length of time at temperatures exceed- 
ing 700° C. 

METHOD OF MEASURING THE INSULATING CAPACITY. 
As in the experimental determination of thermal con- 








ductivity, a wall of nine bricks was erected with a ceniral 
brick A as the test brick (fig. 1). Thermocouples had 
been placed in the interior of this brick at C and D, by 
way of holes # in. in diameter, which had been drilled. 
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Fig. 1 
B F 
A A 
PE C D + G 
B F 
Pig. ta. 


C was at a distance of 52 cms. from the hot face B (fig. 1), 
and D was 51 cms. (2 in.) from C. The hot face B was 
raised toa constant temperature (i.e., 1037°, 1153°, or 
1270° C.) in about 14 hours, by means of the furnace 
described in a previous paper*, and maintained at this 
temperature for 7 or 8 hours. This hot face temperature 
was measured by means of a thermocouple F, luted to the 
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centre of the face of Brick A. The temperatures at the 
isothermal planes represented by the vertical planes © 
and D (referred to as isothermal planes 1 and 2 respec- 
tively) were measured, at intervals, over the period of ex- 
periment. The data, so obtained, can be used in the cal- 
culation of the temperature diffusivity, and consequently 
the thermal conductivity of the brick. Its particular use 
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in the present connection, however, as will be readily at the two holes 
appreciated later, is to provide a basis for the comparison — this normal brick are reported in the results (T 
of the insulating capacity of the various materials of ex- and 5 and figs. 2, 3, and 4) for Material F. 

periment. The data for the rate of rise of temperature 
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TaBLE 3.—Hot Face Temperature, 1037° C. Time taken to reach this Temperature, 14 Hours. 





Temperatures of 1st and 2nd Isothermal Planes in ° C, 


Time from Commencement 





















x 4 : Material Material Material Material Material Material 
of Experiment in Hours. ; B. ; D. E. F, 
—___—_—__|—_——_ —a atin inet 

Ist and. | z8t. | and. 1st. 2nd. Ist. 2nd, Ist, and. rst. and. 
2 ie ae ee | ve 723 ie 710 ale 632 ee Pe 
3 : . 860 | ca, jo) -a98 t. 853 me 832 te 740 ee 
4 Sie) ae 885 | 155 878 | 120 881 125 864 160 804 137 ee oe 
5 ‘tea goo 184 881 | 150 881 150 870 190 821 168 560 220 
6 905 208 882 | 180 878 170 882 210 840 193 594 275 
7 hee ee: ines om eh go6 228 | 896 198 886 188 882 227 841 216 621 310 
D Aatitecizd: Ot) Syste go2 240 | 896 | 210 896 200 884 240 844 230 642 334 
Oe 6a a ae oe os ee ~ 1 &98 210 882 250 ae ° ee 





TasLe 4. —_Hot Face Temperature, 1153" C. Time taken to | reach this T emperature, 13 Hours. 


Temperatures of 1st and 2nd Isothermal Planes in °C. 


Time from Commencement 






















Material Material Material Material Material } Material 
of Experiment in Hours. | a. B. Cc. D. 3, | F 
Ist. and. Ist, and. Ist. 2nd. Ist. 2nd. 1st. and. | 1st. 2nd. 
— — | 

2 i». es «) oe ee 876 ee 860 ee 818 ee 682 ee ee 
3 oe a oe ae 908 ee 990 oe 968 ee 933 ee 868 oe oe 
4 ee ae ee 1016 ee | 1016 os 996 | 137 961 173 916 157 | os ee 
5 , wos » @ ae) eae 196 1031 180 1087 | 174 976 212 928 205 | 633 282 
6 ee Coley awe iS 1008 | 235 1035 206 1008 | 200 990 241 945 232 | 672 332 
7 es IOIO | 252 1037 230 1025 | 220 997 268 945 252 | 704 370° 
8 —" 1c16 268 1035 249 1023 238 C97 279 95° 270 726 394 
9 ‘ | en a mt ws 1021 245 987 290 > ey oe ee at 


TaBLe 5.—Hot Face Temperature, 1270° C. Time taken to reach this Temperature, 1} 
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Temperatures of 1st and 2nd Isothermal Planes in °C, 


Time from Commencement 
















Material Material Material Material Material 
of Experiment in Hours. A. | 4 Cc. D. z 

Ist. 2nd, Ist. 2nd. ist, | 2nd, 1st. and. ist. 2nd, 
2 1003 ee 983 ee 1000 | 8908 | 
3 1089 a 1120 6 1080 | oe 1063 ei 
4 1105 212 1137 oe 1110 | 196 1087 212 os oe 
5 ° 1124 254 1150 os 1112 226 1097 251 698 332 
6 1127 278 1145 259 1122 | 250 1097 284 743 385 
7 1124 305 1153 284 1120 | 273 1100 315 775 427 
8 1134 330 1153 300 1122 | 286 1110 336 804 455 | 
Os Sia «ios ie ee ee oe os . 1125 | 294 1110 355 oe 
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The bricks forming the wall were next sawn through 
by way of the isothermal planes C and D (i.e., by way 
of planes through C and D parallel to the hot face). The 
distance of 2 in. between the planes C and D was main- 
tained throughout all experimental work; the intervening 
space being filled with the various insulating materials 
in turn, Fig. 1a shows the arrangement of this apparatus. 
As in the foregoing experiments with the normal firebrick, 
the hot face temperature was obtained in about 14 hours, 
and the rates of rise of temperature at the planes C and 
D (isothermal planes 1 and 2), determined over the period 
of experiment. 

Table 1 shows the analysis, apparent porosities, and 
refractory tests of the insulating materials used. 

RESULTS. 

Tables 3, 4, and 5 and figs. 2, 3, and 4, show the rate 
of rise of temperature at the 1st and 2nd isothermal planes 
(i.e, at C and D respectively, see figs. 1 and 2), for the 
three hot face temperatures used. 


TasLe 6.—Hot Face Temperature, 778° C. Time taken to 
veach this Temperature, 14 Hours. 


MATERIAL E, 


: Temperature. 
Time of Commencement of 
Experiment in Hours. 


1st Plane. and Plane. 


2 ° 466 

3 603 ss 
4 eee! wen ar eke se 630 82 
5 i eee ee a ee 639 107 
6 ee ee re 650 120 
7 a ae 652 133 
8 m7 eee 650 142 


‘In addition to these results, the temperature of the ex- 
terior face F was measured by a couple at G, in the case 
of the diatomaceous earth powder, z.e., materials A and B. 
The values of this temperature at the end of eight hours 
trom the commencement of the run are reported in 
Table 7. 

Discussion OF RESULTS. 

The graphs of fig. 2, 3, and 4 show, at a glance, the 
great effect of the insulating materials on the tempera- 
ture gradient within the brick wall. 

A study of Tables 3,-4, 5, and 6, or figs. 3, 4, and 5, 
indicates that with materials A, B, and € an approxi- 
mately constant temperature, at isothermal plane 1, is 
obtained after about 43 hours from the commencement of 
the experiment; with materials D, this time is roughly 5 
hours, and with material E, 54 hours. Approximately, 
then, an average of the temperatures reported for the 
times, 6, 7, 8, and 9 hours will give the equilibrium tem- 
perature for plane 1, obtained by using the various in- 
sulating materials. Now, since the thermal conductivity 
of the brick material of the wall can be computed from the 
data of material F in Tables 3, 4, and 5 together with a 
distance factor, it is easy to calculate, from the elementary 
equation of thermal conductivity, the amount of heat 
passing through each sq. cm. of area of the isothermal 
plane 1 per second, for each insulating packing, when 
equilibrium conditions exist between the hot face and iso- 
thermal plane 1. The computed values of the thermal 
conductivity of the brick in C.G.S. units are, at 800° C., 
o'00116; at goo® C., 0'00126; at 1o00° C., 0'00136; at 
1100° C., 0'00147; at 1200° C., o’00160. It may be men- 
tioned here that such values are decidedly lower than 
those obtained for well-burned Stourbridge firebricks. 
The computed amounts of heat passing through the iso- 
thermal plane 1 per sq. cm. per second, under the varying 


TABLE 7. 


| Temperature of Exterior Face of the Wall at end ot 
Eight Hours from Commencement of Experiment, 
for the Different Hot Face Temperatures in °C. 


Material. 
1037° C, | 1153° C, 1270° C, 
| 
A at ee ae te 58 68 87 
B — ; 55 | 66 } 82 





TABLE 8. 


Amount of Heat passing through 1 sq. cm. of Isothermal Plane | 
per Second in Calories, with the Different Packings, after an 
Approximate Equilibrium has been set up between the Hot i‘ace 





Hot Face and Isothermal Plane 1. 
Temp. ane : - 
Material | Material | Material | Material | Material | Maicrial 

A. | . Cc, D. Ee KF, 

| | | etic 
1037° C. | 0°0347 | 0'0362 | 0°0362 0°0399 | 0'0494 0°'0868 
1153° C. 0°0398 | 0°0335 0°0370 (0'0455 © 0574 O*102 
1270° C, | 0°0442 .0°0381 § 0 0461 =| .0°0508 oe O' 122 

| | 


conditions of experiment, are reported in Table 8. Atien- 
tion is called to the fact that the result reported for mate- 
rial B at the hot face temperature 1037° C. appears to be 
inaccurate, and may be a mal-observation. 

Under the heading of F (Table 8) is included the amount 
of heat passing through the isothermal plane 1 in the 
normal brick. Such figures are based on approximations 
of the equilibrium temperature of this plane, the selected 
values of this equilibrium temperature being obtained 
after a consideration of the results for material F in Tables 
3> 4, and 5. 

A glance at Table 8 shows the order of the insulating 
capacities of the materials as (1) B, (2) A and C, (4) D, 
and (5) E. A more quantitative definition of this order 
is given in Table 9, which is obtained directly from Table 
8, an average of the three values given for each material 
of this latter table being taken as the basis of the further 
calculation. 


TabLe 9.—Percentage Amount of Heat Saved by the Us. 
of the Various Insulating Materials. 


Material B. 


Material A. | Material C. Material D. | Material E. 











64°5 60 6 60°4 54°8 43°0 


A comparison of the results for the three materials A, 
B, and C is interesting, since it seems to indicate that there 
is a definite porosity (apparent specific gravity, consistency 
or packing density) for materials of the same constitution, 
which gives a maximum insulating efficiency. The above 
results show that pure diatomaceous earth packed so as 
to possess an apparent specific gravity of 0°34 has a 
greater insulating effect than (1) the same material loosely 
packed (app. sp. gr. 0°08), and (2) the same material in 
slab form possessing an apparent specific gravity of 0°46. 
Petavel’, who investigated the insulating capacity of slag 
wool at various consistencies noted a similar phenomenon. 
He showed that the greatest insulating efficiency of slag 
wool is obtained with a packing of 10 lbs. per c.ft. (app. 
sp. gr. 0°16) in low-temperature practice. Boeck’, although 
giving no experimental data to uphold his opinion, states 
that the most efficient packing for pure diatomaceous earth 
‘‘flour’’ is 15 Ibs. per c.ft. (an app. sp. gr. of 0°24). 

If an assumption of the equilibrium temperature of 1so- 
thermal plane 2 be made, the approximate values of the 
coefficient of thermal conductivity, at a temperature of 
600° C. for the several insulating materials used, can be 





obtained. Such approximate values are contained in 
Table io. 
TABLE I0. 
Thermal Conductivity in C.G.S. Units of Materials. 
Temperature. - —__—— 


| | 


Material A.|Material B./Material C.|Material D./ Material E. 











600° C. 0'00278 | 0°000246 0°000272 | 0'000341 | 0°000460 


The values for A, B, and C agree well with those re- 
ported by Nusselt® for pure, loose Kieselguhr. He re- 
ports that the thermal conductivity of this material is 
0°000219 at 400° C. The value for material D is in ac- 
cord with that reported by one of the present authors’; 
for a fired diatomaceous earth brick, viz., 0’000350 at 
600° C. Nusselt, also, gives 0°000333 as the conductivity 
at 400° C. of baked Kieselguhr. The values for A, 8, 
and C also agree with those reported by Boeck for Sil-O- 
Cel ‘‘flour.’’ Griffiths working with slag wool packed 
to an apparent specific gravity of o'24 found the thermal 
conductivity of such a material to be 0000342 at 476° ©. 
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However, the conductivity of slag wool can and does vary 
considerably by reason of the variations which occur in 
its manufacture. 

HiGH-TEMPERATURE INSULATING 


THE SELECTION OF 


MATERIALS. 


It is obvious that the selection of insulating materials 
for high-temperature work cannot be based on insulating 
efficiency alone. A durable construction at the tempera- 
ture and under other conditions of working is of first im- 
In illustration of this, the following instance, 
which has come to the notice of the authors, will serve a 
useful purpose. Slag wool was used in certain portions 
of a gas-retort construction. It was packed into hollow 
walls, but gradually sagged down to form a compact mass 
at the bottom. In addition, the gases quickly leaked 
through the comparatively thin walls in this hollow space, 
which thereby became a flue instead of a closed space. 
In this case, the loss of heat was greater than if a solid 
wall of firebrick had been built. It has been shewn earlier 
in this paper that slag wool should not be subjected to 
temperatures over 700° C. for any length of time, because 
of its tendency to disintegrate and form a powder, with 
the consequent reduction in the occupied volume. This 
loss of structure is, of course, accompanied by a great 
reduction in insulating efficiency. 

Pure diatomaceous earth ‘‘ flour’’ which has not been 
previously fired also shows defined shrinkage when sub- 
jected to high temperatures. In certain parts of a fur- 
nace or kiln construction, such a shrinkage may have no 
decided detrimental effects on the insulation and general 
working of the plant. In other parts, however, pro- 
nounced losses may occur through such a shrinkage. Un- 
fired diatomaceous earth slabs show splitting under the 
conditions of experiment. Such a behaviour in practice 
is, naturally, objectionable and detracts greatly from the 
insulating efficiency of the material. A brick, fired to 
goo? C. or so, made from pure diatomaceous earth and a 
fairly refractory bond clay, appears to give a compromise 
of the most desirable properties. The insulating efficiency 
of such a brick is not so high as that of an unfired diatom- 
aceous earth slab, but the advantages accruing from its 
mechanical strength outweigh this consideration. In this 
connection a recent paper by Smith* may be consulted 
with advantage. 


portane e. 


” 


Pure diatomaceous earth is comparatively costly, and 
where the demands of temperatures are not too excessive 
a fired brick made from impure diatomaceous earth (such 
as D) may be used successfully. 

Before selecting an insulating material it is distinctly 
advisable to have a complete knowledge of the circum- 
stances of its future use, particularly regarding the face 
temperature to which it will be subjected. The following 
data will then serve well in the selection : (a) Comparative 
Cost; (b) Insulating Efficiency; (c) Refractory Test; (d) 
Porosity; (ce) Temperature at which the material disinteg- 
rates or otherwise begins to lose its structure; (/) 
Mechanical Strength. 


SUMMARY. 


1. The 


{ 


effect of various insulating materials on the 

emperature gradients in a firebrick wall, with three 

different face temperatures, have been investigated. 

m the data so obtained the insulating efficiencies 
of these materials have been computed. 

3. Other properties bearing on the use of these mate- 
‘als in high-temperature constructions have been 
noted. 

4. SI 


ygestions concerning the selection of insulating 
iaterials have been put forward. 
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THE INFLUENCE OF OXIDIZING AND RE- 
DUCING ATMOSPHERES ON REFRAC- 
TORY MATERIALS. 

PART I.—EXPERIMENTS WITH A CONE MIX- 
TURE CONTAINING ADDED AMOUNTS OF 
A FERRUGINOUS MATERIAL. 

By A. E. J. Vickers, B.Sc., and L. S. THeosavp, 


B.5c¢., A: RES. 
INTRODUCTION. 


The importance of the part played by the atmosphere, 
be it oxidizing or reducing, in which refractory materials 
are enveloped, has long been realized, and in many in- 
stances the effects produced have been noted, mostly in 
a general way. 

Several cases have been reported of the disintegration 
of firebrick resulting from the action of reducing gases 
on the refractory materials in use. For example, IT. Hol- 
gate’ in 1905 drew attention to two cases of failure in 
the linings of blast furnaces, one described by J. Pattin- 
son and the other by I. Firmstone*, while a third case 
is reported by L. P. Ross.* : 

In every instance, the disintegration of the linings is 
attributed to the deposition of carbon, resulting from the 
decomposition of carbon monoxide in the presence of the 
oxides of iron. The same explanation is put forward by 
O’Hara and Darby’, as a conclusion drawn from their 
experiments concerned with the effect of carbon monoxide 
on refractory brick, with the object of explaining the dis- 
integration which developed in the condenser of a zinc 
distillation apparatus. 

The conditions of atmosphere play an important part 
in the pyrometric use of Seger cones, a fact which has 
been emphasized by many workers’. 

C. Loeser’ compared the behaviour of Seger cones in 
oxidizing and reducing atmospheres, and noticed marked 
differences, in the appearance of the residues which he 
obtained. 

Bradshaw and Emery® examined the behaviour of cones 
in an atmosphere of coal gas, and observed the forma- 
tion at the surface of the cone of a thin, refractory shell 
of hard carbon which remained standing while the interior 
molten slag could be drained away. 

Similar results were obtained with a few test pieces of 
fireclay brick treated under like conditions, and fireclay 
mixed with small amounts of ferruginous marl behaved 
in an analogous way. 

In 1915, L. S. Marks*, working in connection with the 
fusibility of coal ash, drew attention to differences as 
great as 390° C. which were obtained on the same sam- 
ples of ash by independent laboratories. He himself was 
able to obtain similar discrepancies, which he attributed 
to the oxidizing or reducing action of the furnace atmo- 
sphere in which the tests were made. 

‘The question has been investigated more fully by 
Fieldner, Hall, and Feild’. In their admirable work on 
the fusibility of coal ash and the determination of the 
softening temperature, they have made comparative tests 
in the six different furnaces used in their experiments, 
each furnace giving a different atmosphere. Their results 
show, in no indefinite way, that of all the factors—such 
as size and position of cone, fineness of particle, and rate 
of heating—which influence the determination of the 
softening temperature of a given ash, atmosphere is by 
far the most important. Summing up, these investiga- 
tors state that ‘‘ the highest softening points were ob- 
tained in an atmosphere of air (platinum wire furnace) or 
in a strongly reducing atmosphere of carbon monoxide 
(Northrup furnace) which prevented the iron oxide from 
acting as a fluxing agent by reducing it to metallic iron 
before the softening of the ash began. The lowest soften- 
ing temperatures were obtained in those atmospheres of 
mixed gases in which reduction of ferric oxide proceeded 
mainly to ferrous oxide. The maximum variation in 
the softening temperatures due to different atmospheres 
ranged from 134° to 396° C.”’ 

The invariable presence of iron compounds in fireclay 
and the effects on colour, fusibility, &c., which are attri- 
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buted to them, make it a matter of first importance to 
consider them in relation to various: atmospheres, 
whether oxidizing or reducing. J. W. Mellor deter- 
mined the softening temperatures of artificial mixtures of 
refractory material and ferruginous fuel ash. The intro- 
duction of up to 28° p.ct. ferric oxide in the form of ash 
was accompanied by a lowering of the softening tempera- 
ture from 1710°-1160° C., and he cites this as an example 
of the sensitiveness of ordinary fireclays to the presence of 
admixed iron compounds under reducing conditions. In 
this case, the reducing action was produced by the car- 
bonaceous matter in the fuel ash. 

R. Rieke” and G. Flach” also investigated the fusibility 
of mixtures of clay and iron compounds. 

Fieldner, Hall, and Feild’ likewise support the opinion 
that lower softening temperatures may be expected if the 
conditions of atmosphere are such as to reduce the iron, 
not to the metallic, but to the ferrous state. 

In view of the important réle thus played by iron com- 
pounds, it has been decided, in the present work, to add 
known amounts of ferruginous material to the sys- 
tem under investigation, and to examine the softening 
temperatures of the various mixtures in separate atmo- 
spheres of the more common gases, viz., nitrogen, air, 
oxygen, hydrogen, carbon and sulphur dioxides, and 
water vapour. 

The results now presented have been obtained with 
Thivier’s Earth’ as the iron-bearing constituent. The 
addition of iron in other forms will be dealt with in subse- 
quent papers. 


MATERIALS OF EXPERIMENT. 


The series of experiments reported were made on a sup- 
ply of an ordinary cone mixture substance and Thivier’s 
Earth added in known amounts. This cone mixture was 
chosen as the basic material of these investigations be- 
cause of its comparative purity, its low iron content, and 
because of the fact that its normal softening temperature, 
viz., 1410° C., carries the temperature range of the experi- 
ments into the region of practical working conditions 
such as are met with in the normal use of a refractory 
material. Thivier’s Earth was adopted on the sugges- 
tion of Dr. A. Scott as a convenient source of known 
amounts of iron for addition to the cone mixture.* 
Analyses of the mixture and of the Thivier’s Earth are as 
follows (H. Edwards) : 


TasBLe 1.—Analyses of Materials Used. 


Cone Mixture. Rational Analysis. 





P.Ct. P.Ct. 

SiO, . . 72°86 Ed 6) ee AS a 

TiO, . 0°04 Spar. . ae 35°06 

Al,O3 ‘ 17°04 Gunite . 2. s« 2 37°00 

Fe,03 0°35 Ferric oxide, &c.. . . 0°35 

CaO . ‘ 1°32 See ee 1°30 
MgO o'r5 
K,0 4°81 
Na,O E°Re 
Loss 2°62 
100° 30 

Thivier’s Earth, Rational Analysis. 

P.Ct. P.Ct. 

SiO, . 83°18 Clay . ea 3°67 

TiO, oe . er a ee 4°90 

AlpOs 2°30 em oS 

” Fes 9°87 Ferric oxide, &c. . . . 10°47 

FeO . 0°33 Sea oe ee ee 0°85 
SS 0'04 
fee ts se * @ 0°83 
MEOe- 6 6 & ee O'12 
KO... 0°58 
| ee rere ae 0°22 
a a a 2°82 





100° 29 


A series of cones containing 5, 10, 15, 20, and 25 p.ct. 
of Thivier’s Earth were prepared (reference numbers A1, 
A2, A3, A4, and As5 respectively). Their content of ferric 
and ferrous iron is given as percentages in Table 2. The 
cones were moulded in the shape of a solid triangular 
pyramid of base 1°8 cms. and height 6'4 cms. 

The average ratio of ferrous to ferric iron in each cone 
is i: 27. The average ratio of FeO to Fe.Os is 11 : 30. 





* The cone mixture was known to give constant softening temperatures 
under given conditions ; but Thivier's Earth was graded, and that portion 
selected which passed through an 80's, but remained on a 100's lawn. 
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ABLE 2. 
) — 
Cone. . - | AI. | A2. | A3. A4. | AS. 
a ee 0°0128 0‘0262 0°0396 0'0530 0° 0664 
a k's sl 8 Oe 0'7080 | 1°0830 1°4320 | 1°7530 
Fe’’as FeO. . 0°O165 0°0324 | O'O5I0 0°0682 | 0°0850 
Fe’ as Fe,O, . 0'5010 1‘O120 | 1°5470 2°0420 | 2°5020 


The methods” which have been employed for the deter. 
mination of iron are as follows : 

Ferrous lron.—15 grams of the material are dricd for 
1 hour at a temperature of. 105° C., and cooled in a desic- 
cator. Then 5 grams of the material are weighed out into 
a tared platinum crucible and broken up into coarse !umps. 
Next 12 ccs. of sulphuric acid (1 vol. concentrated acid to 


1 vol. of water) are added, followed by 10 ccs. 
fluoric acid. 


of hydro- 


The crucible and its contents are warmed 


for 10 minutes over a small luminous flame, and then 
plunged into 400 ccs. of distilled water, which has been 
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Fig. 1.—Hirsch Electric Furnace, modified for Experimental Research 0 
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poiled until quite free from air, and which contains 10 
grams of pure precipitated silicic acid and from 20 to 25 
grams of pure potassium sulphate. The solution is tit- 


* rated with N/r1oo potassium permanganate until a pink 
} colouration, lasting for 1 minute, is obtained. 
Total Iron.—1 gram of the mixture is fused with 


sodium carbonate, to which a little potassium nitrate has 
been added (to oxidize ferrous iron to the ferric state), 
‘er- silica is separated by the usual method, and the iron- 
alumina precipitate brought down. This precipitate is re- 


for dissolved and the iron content determined by reducing 
Sic- with stannous chloride, the excess of stannous chloride 
nto being removed by precipitation with mercuric chloride. 
ps. Meinhardt’s solution is added to sharpen the end-point, 
| to and the solution is titrated with standard potassium per- 
ro- manganate as before. 

ned APPARATUS. 

hen : ‘ . —— . F 
one The apparatus used in the investigation is a modified 


form of that described by Bradshaw and Emery.* The 
ordinary Hirsch refractory furnace has the usual supports 
and lifting gear removed. These are replaced by a device 
shown at 7/7, fig. 1, which consists of a cast-iron vessel 
through which a-continuous stream of water is made to 
fow. Passing through the vessel in a central position is 
a tube which serves to conduct the atmosphere which it is 
desired to use in the experiment into the central chamber 

\ of the furnace. 

' The tube J conducts a neutral gas (nitrogen) into the 
annular space, S, the function of which will be described 
later. The modifications in the furnace proper consist in 
replacing the usual central tube by two tubes arranged 
co-axially. These are held in position by a device shown 
in detail at R, where this device, in addition to maintain- 
ing the two tubes in position, prevents the leakage of gas 
from the annular space into the central chamber. The 
reason for the adoption of this arrangement of co-axial 
tubes is that at high temperatures a considerable evolu- 
tion of carbon monoxide takes place at the surface of the 
central tube of a Hirsch furnace, and if this gas were 
allowed to react with the substance of the material under 
test the effect of the specific atmosphere might be masked. 
By sweeping out the annular space with a current of nitro- 
gen, the danger of the diffusion of carbon monoxide into 
the inner tube is greatly lessened. The high tempera- 
tures acquired in the outer tube in order to reach the tem- 
perature desired in the inner rendered impracticable the 
use of tubes of the ordinary materials. The tubes em- 
ployed in these experiments were of clay-bonded, natural 
sillimanite, and were prepared by Mr. W. Emery. 


METHOD OF EXPERIMENT. 


The method of conducting an experiment consists in 
cementing the test piece to a fireclay support, passing a 
steady stream of nitrogen through the annular space, S, 
and a steady stream of the gas under investigation through 
the central tube Z° by means of the gas distributor JZ. 
In each run the rates of flow of the gases were kept, as 
nearly as possible, the same. 

The furnace temperature is raised at 10° C. per minute, 









ater but this rate is retarded somewhat when within 150° C. 
of the expected softening point of the test piece. The 
rates of heating were controlled by the use of thermo- 
couple and recording galvanometer up to a temperature 
of 1000° C. The final temperature at which the piece 
softened was measured by an optical pyrometer of the 
“sappearing filament type focussed on the test piece 
itself. (he pyrometer was checked against a standard 
platinun platinum-rhodium thermocouple under conditions 
similar !o those which obtained in the experiment. 

The temperature reading of the piece when it has bent 
cular i half-way to the base is taken as the softening temperature 
for the ourpose of this report. 

search 00 Each ries of experiments was performed in duplicate, 
and, in very case, the final temperatures for the soften- 
ing Point of each piece agreed to within a few degrees 
centigrade 

RESULTS. 
The experimental results obtained with the various at- 
er mospheres will now be considered individually and in some 
detail, In this conection reference should be made to fig. 
*, Which shows the points given in Table 3 and ob- 
tained with the series At, A2, &c., in the atmospheres of 








nitrogen, oxygen, air, carbon and sulphur dioxides, and 
hydrogen. 

Nitrogen.—Nitrogen being considered a neutral gas, 
determinations of softening temperatures were made in it 
in order to provide some sort of standard whereby the re- 
sults obtained with other gases might be compared and 
interpreted. 

The curve marked N, in fig. 2 shows the results with 
this gas. Incidentally, it should be noted that the 
Thivier’s Earth used has, by itself, an ordinary refracto- 
riness in air of Cone 28 (1630° C.). Its addition, there- 
fore, would probably tend to increase that of the cone mix- 
ture, which, on testing, was found to bend over half-way, 
when a temperature of 1415-209 C. was reached. 

Inspection of the curves for nitrogen (fig. 2) seems to 
support this by showing that the softening temperature 
increases regularly on passing from a mixture which con- 
tains 5 p.ct. of Thivier’s Earth (Series At) to one contain- 
ing 25 p.ct. (Series As). 

The test pieces increased in size to a marked degree, 
and developed a pronounced vesicular structure, while the 
actual bending of a cone was comparatively slow. 

Oxygen.—The influence of an atmosphere of oxygen 
is shown in the uppermost curve in fig. 2. The most note- 
worthy point here is the marked increase in refractoriness 
which occurs more especially at the beginning of the curve, 
although the gradient generally is not so steep as in the 
case of nitrogen. 
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TABLE 3.—Showing Softening Temperatures in °C in 
Various Atmospheres. 











Atmosphere . My | Op 4 Alen | B04. CO,. Hes 

°C, c. c | °c. c C. 
Cone Mixture 1415 1420 1420 | 1410 1425 1420 
eas Ss Se 1425 1450 | 1440 | 1400 1425 1390 
Ses « w 0) #_-* 1440 1460 1450 | I410 1425 1350 
_ er a ee 1460 1475 | 1460 1410 1425 1305 
A4 se ee ee 1475 1490 | 1470 1410 1420 1285 
A5 : 1485 1490 | 1485 1410 1415 1240 


Air.—The behaviour of the cones in air is practi- 
cally intermediate between that developed in nitrogen and 
that developed in oxygen. This is what may be expected 
if the increased refractoriness in the series with oxygen 
is due, as it appears to be, to the oxidation of the ferrous 
iron present. 

Swelling and the development of vesicular structure 
ocurs in air as well as in nitrogen and in oxygen. 

Sulphur Dioxide.—In an atmosphere of sulphur dioxide 
the same softening temperatures were obtained for the 
test pieces containing 10, 15, 20, and 25 percentages of 
Thivier’s Earth. This is remarkable in so far as the ten- 
dency of the Thivier’s Earth to enhance the refractoriness 
of the pieces is apparently just counterbalanced by the ten- 
dency of the sulphur dioxide, functioning as a reducing 
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gas, to lower this value The formation of a vesicular 
structure in this series is also peculiar. Mixtures con- 
taining 5 and 10 percentages of added earth do not show 
it, the cones having the same type of appearance as the 
pieces heated in a reducing atmosphere, but as the per- 
centages of Thivier’s Earth increase from 10 to 25, vesi- 
cular structure develops, and the cones gradually assume 
the character of the pieces fired in an oxidizing atmo- 
sphere. 

Carbon Dioxide.—In the series of mixtures heated in 
carbon dioxide, all the cones softened at practically the 
same temperature, resembling in this respect those in sul- 
phur dioxide. There was, however, a tendency for the 
softening temperatures to become lower as the content of 
Thivier’s Earth increased. This series of experiments, 
then, appears to show that carbon dioxide is functioning 
as a reducing gas under these conditions. The occur- 
rence of a vesicular structure is again remarkable; it oc- 
curs with the lower percentages of added earth, but not 
with the higher, a reversal of the condition of affairs 
which results with sulphur dioxide. 

These two cases of sulphur and carbon dioxides are of 
peculiar interest, and further investigations with pure 
iron oxides as the iron-bearing constituent are now being 
made. 

Hydrogen.—Of all the results described, those obtained 
in an atmosphere of hydrogen prove to be by far the most 
decisive and the most striking. As will be seen from the 
curve for this gas (fig. 2), a marked reducing action, judg- 
ing by the softening temperatures, takes place. The re- 
fractoriness falls off at a rapid rate with increasing con- 
tent of Thivier’s Earth, so much so that in the case of 
mixture As, which contains 25 p.ct. earth (o'08 p.ct. FeO 
and 2°5 p.ct. Fe.O;), the softening temperature is some 
250° C. lower than that at which a similar piece softens 
in oxygen, and 245° C. lower than in an atmosphere of 
nitrogen. 

No increase in size or development of vesicular struc- 
ture occurred, the edges of the softened cones remained 
quite sharp, and the pieces bent with a rapidity which was, 
comparatively speaking, great. In order to detect any 
metallic iron of appreciable size which may have been 
formed in the above experiments, cones from each series 
were immersed for two hours, with one surface freshly 
ground, in a dilute solution of copper sulphate. Under a 
magnification of 120 diameters, however, no particles 
of free iron, plated by copper, could be detected. 

Colour of the Cones.—The colours of the test cones 
after heating in the various atmospheres and cooling in 
air are worthy of note (fig. 3),* and for purposes of com- 
parison a colour photograph is shown. 

The pinkish colour developed by Cones Ar and A2 in 
oxygen offers a sharp contrast to the stone colours which 
are obtained with the corresponding cones in an atmo- 
sphere of nitrogen. In air, this is even more marked, the 
first two cones having a colour deeper even than the cor- 
responding cones in oxygen. 

The colours in hydrogen are remarkable in that they 
are the most pronounced and the most uniform obtained 
in any of the series. In sulphur dioxide and carbon di- 
oxide there is a general lightening in tint when compari- 
sons are made with the results in hydrogen. 

In each series, there is a deepening of colour as the 
iron content in the cones increases. 

For comparisons in size, the middle cones of the hydro- 
gen series may be regarded as typical of the size of the 
cones before heating in the furnace. 

SUMMARY. 
(1) The effect of the various atmospheres on a cone mix- 
ture containing various percentages of a ferrugin- 
ous earth has been examined. + 
(2) The softening temperatures of the pieces increased in 
oxvgen and in air compared to the values obtained 
in nitrogen as standard. 
(3) Sulphur dioxide and carbon dioxide appear to act 
~ as reducing gases under the conditions of experi- 
ment. 


‘ This figure is a colour plate, which it would be inconvenient to re 
produce in the ‘‘ JOURNAL.”’ 

| The importance of the part played by various atmospheres in the use of 
refractory materials has been pointed out, and will also suggest itself in con- 
nection with their manufacture. 











ee 


(4) Hydrogen acts strongly as a reducing gas, the soft. 
ening temperature of the pieces with the hiches 
content of iron being lowered some 250° C. 


(5) The variations in colour with the different atmo. 
spheres have been noted. 
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(D) 
THE RAPID PRODUCTION OF VITRIFIED 
CLAY WARES BY THE COMBINED EFFECTS 
OF HEAT AND PRESSURE. 


A. i}; Data, 8. Se., Aske. 


As a result of a study of the flow of firebrick products 
under stress at high temperatures, the author was led 
to a conclusion somewhat similar to that put forward b) 
Dr. Mellor in 1917—that the combined effects of heat and 
pressure should facilitate the production of vitrified clay 
wares in a minimum of time (Prov. Pat. 8935/24). 

The idea was put to the test with five different pow- 
dered ceramic materials : a calcareous earth, Wetley marl, 
cone 16 mixture, vein quartz, and Stourbridge fireclay. 

At ordinary temperatures, pressures attainable in the 
laboratory had no apparent effect on the structure of thes 
substances; nor were any signs of vitrification evident 
after one hour heating at a furnace temperature of 1100 
C. However, with the exception of the Stourbridge clay, 
all the materials yielded vitrified or coherent products 
when subjected to the same heat treatment under loat- 
ings in all cases less than 320 ib. per sq.in. Taking into 
consideration other patented methods, e.g., Duflield (Brit 
Pat. No. 223, 616/24), British Thomson Houston (Brit. 
Pat. No. 207, 457/23), it seems possible that the idea may 


at some future date find application in the ceramic indus 
tries. 29 

Slop-moulding and subsequent drying might be elim 
nated—e.g., the powdered ceramic mixture could be cor 


tinuously passed through a kiln of the rotary cement tyP® 
into movable dies at the discharge end, and pressed inte 
shape while hot. pe gy 

The vagarities of pressure distribution in columns 4 
powders are discussed in the paper, and the con lusion ? 
reached that, although a principle has been established 
definite statements regarding its industrial possibilities 


. . . ee, ao be 
should be avoided until actual experimental tria mee 
carried out on shapes of at least 9 In. by 43 in. by 32! 

: a ° sys t ies 
* Abstract of Report published in Bulletin 8 of the British § ractor! 


Research Association. 
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(£) 
NOTES ON: 
(1) TESTING FOR REFRACTORINESS AND 
AFTER-CONTRACTION ;* 


2) A FEW EXPERIENCES WITH REFRAC- 
TORIES IN VERTICAL RETORTS. 


By T. F. E. Rugap, M.Sc. (Manc.), A.LC., and R. E. 
Jerrerson, M.Sc. (Manc.), A.I1.C. 
(Birmingham Gas Department). 


Read before the Ceramic Society, May 19, 1925. 


It is a matter of common knowledge that refractories in 
gas-works settings are usually subject to conditions which 
alter their original chemical and/or physical nature. The 
extent of this alteration depends largely upon the positions 
in the setting in which the refractories are used. 

For this reason, the manufacturer is confronted not only 
with the problem of making refractories which will with- 
stand prolonged heating at high temperatures, but which 
must withstand such heating under the alterative condi- 
tions met with in carbonizing plant. Unfortunately, it is 
no unusual occurrence for a material to fail in use which 
appeared satisfactory by the usual laboratory tests. This 
indicates the need for a greater knowledge of the adverse 
influences met with in practice, and laboratory tests of a 
more discriminating character. Much valuable work has 
been, and is being, done along these lines by the Refrac- 
tories Research Committee and others. : 

From the gas engineer’s point of view, it is of vital 
importance for him to know :— 

(1) At what temperature a refractory starts to deform 

under actual working conditions. 

(2) How rapidly does this deformation increase with rise 
of temperature and/or chemical attack of vapour, 
gases, flue dust, &c. ? 

In devising a test or tests to cover the above conditions, 
it is necessary to further bear in mind that refractories in 
settings are liable to be subjected to forces of compression, 
tension, shearing, and bending, the magnitudes of which 
are very difficult to assess. It is by no means sufficient to 
calculate the dead weight of superimposed material, which 
probably does not exceed 25 Ibs. per sq.in. in any present- 
day setting. This can only be regarded as a minimum 
figure. 

Forces of much greater magnitude are most likely 
brought into play by variations in the rate and degree of 
expansion or contraction which the settings undergo at 
different points during their life. With the most careful 
treatment such variations are practically inseparable from 
the working of carbonizing plant, but they can be limited 
to a certain extent by care and foresight in design, and the 
choice of suitable materials. (Reference will be made to 
this in Part 2.) 
Brier THeory or SorFreninG oF ReFractories py Hear. 


It is well known that a small piece of refractory material 
when progressively heated starts to soften and deform at 
some temperature lower than that at which it squatts or 
begins to flow. 

In studying the behaviour of a manufactured refractory 
of the fireclay or silica type, which is being raised to a high 
tempx rature, the following broad conception of its struc- 
ture is undoubtedly useful. It consists of a porous mass 
of granules of various sizes and composition cemented to- 


gether, either by some added bonding material, or by a 
matrix formed by chemical and/or physical action (such as 
solutir 1, crystallization, &c.), between the materials of the 
interfaces. The granules themselves may be built up of 
lesser eranules. 


In a ‘old refractory the partially completed reactions be- 
omnes nthe granules are in a state of suspended animation, 
9 as the temperature is raised they successively-restart; 
mer Progress depends upon temperature, nature of the 
Produc . fineness of granules, and time of heating. 
dns sms of chemical and physical action are fluids 
oa y low viscosity, the material will usually de- 

meer its own weight; whereas, if the products are 

* The 


reprint - “stitution is indebted to the Ceramic Society for permission to 

one of th. = The Refractories Research Joint Committee (of which 

said in thi ~ ors 1s a member), does not necessarily endorse everything 
~~ Paper concerning the Gas Engineers’ Specification. 





highly viscous, deformation may be inappreciable. If, how- 
ever, at or during this stage the material is subjected to 
(say) a moderate compressive force, the high viscosity of 
these fluids may be overcome, allowing the granules to 
slide over one another; resulting in a certain amount of de- 
formation. 

If the load is too severe, the effect of the sliding of the 
granules over one another is completely masked by 
mechanical rupture. (Note.—Change of strength under 
load may be brought about by other causes than partial 
fusion, e.£., recrystallization, &c.) 

From the above remarks it would appear desirable to 
devise a test for refractories which determines their be- 
haviour when both heated and subjected to some compres- 
sive, tensile, bending, or shearing force. Such a test would 
be somewhat in accord with actual conditions of use, but 
would still leave out such vital factors as chemical attack 
by gases, ash constituents, &c. 

As you are aware, certain specifications—such as Ameri- 
can—do contain under-load and bending tests, but the Joint 
Refractories Research Committee states in its introduction 
to the Gas Engineers’ Specification words to the effect that 
it is not yet satisfied as to the wisdom of instituting an 
under-load test for general commercial use. 

Perhaps the very able work of A. J. Dale and others on 
this subject has brought us nearer to such a test being in- 
cluded in the specification. 

In Birmingham, we find the under-load test very useful 
from an investigation point of view, but we think very 
rigorous conditions as to furnace design, atmosphere, &c., 
would have to be imposed for a specification test. 

A test must be capable of giving the same results when 
carried out by different laboratories, and the conditions im- 
posed must not make it prohibitive in cost of equipment 
and personnel. 

EXPERIENCES WITH THE GAS ENGINEERS’ SPECIFICATION 
FOR REFRACTORINESS. 


The test for refractoriness given in the 1912 edition of 
the Gas Engineers’ Specification stated ‘‘ that a piece of 
material should show no signs of fusion when heated to 
not less than the specified Seger cone, in an oxidizing atmo- 
sphere, at a rate of 50° C. per 5 minutes.”’ 

The test piece consisted of a chipped sample in the ap- 
proximate form of a cone, and the definition of refractori- 
ness referred to the temperature at which the angular edges 
of the material began to lose their angularity. 

One had the following options :— 


Either (1) Taking the test up to that temperature at which 
the specified Seger cone collapsed (tip to base), 
cooling the test piece, and determining whether 
it showed signs of fusion by judging the state of 
edges. 

Or (2) Taking the test piece to that temperature at 
which it was cbserved to ‘‘squatt’ or flow in 
the heated furnace; cooling test piece and de- 
termining which of a series of Seger cones had 
gone down, and from this judging the squat- 
ting temperature. 


Some laboratories did the first and some the second, and 
widely differing results were obtained, because many mate- 
rials showed loss of angularity of the edges at several cones 
lower than they squatted. 

Further, those adopting the first method found that the 
use of chipped cones of no specified size also led to serious 
discrepancies between the different laboratories. 

The Refractories Committee were informed of the trou- 
ble, and in 1922 held several meetings, and modified the 
test, insisting upon a specified size and shape of cone 
(ground to size or chipped). 
were :— 


The signs of fusion adopted 


(1) ‘‘ Angular edges of material begin to lose their an- 

gularity.”’ 

(2) ‘‘ Piece shows signs of bending.” 

(3) ‘‘ Matrix shows signs of running out.’’ 

Other conditions as to heating were practically as in 
1912. The test, however, still allowed the same alternative 
methods of carrying it out either by heating (1) to the speci- 
fied Seger cone, or (2) to the actual squatting temperature. 

Laboratories adopting the first were able to get good 
agreement, and we believe laboratories adopting the second 











got good agreement, but between the two methods con- 
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siderable confusion arose, and this year a further modifica- 
tion is proposed. 

A definite size of cone ground to the same shape as a 
Seger cone, with one edge perpendicular to the plane of 
the base, is heated with the base horizontal to the specified 
Seger cone, taken from the furnace, and examined with a 
straight edge to see whether it shows signs of bending— 
this bending, or matrix running out, constituting the defini- 
tions of signs of fusion. The rate of heating and oxidizing 
atmosphere are as before. 

It is proposed to call this ‘‘ The 
toriness Safety Test,’’ 
known squatting test. 

From a routine testing point of view for commercial use 
there are several advantages to be gained by adopting the 
above safety test in place of the squatting test, viz. :— 


Gas Engineers’ Refrac- 
to save confusion with the better- 


(1) It shows the softening of the material at a somewhat 
lower temperature than the squatting test. 

(2) With the squatting test we find it very difficult to 
judge from the appearance in the furnace whether 
the material is not being overheated, and a second 
test is frequently necessary—~ or should be done. We 
have seen several squatting tests by other labora- 
tories which undoubtedly have been overdone, and 
have given the result one or more cones too high. 

(3) By stopping the heating of the test piece at the mini- 
mum specified cone, the wear and tear on the fur- 
nace is greatly minimized—a matter of considerable 
importance where furnaces are in daily use for long 
periods, as with us. 

(4) It is considerably easier to stop a test at a given tem- 
perature when using a series of Seger cones than to 
stop when the test piece itself shows signs of bend- 
ing, rounding, or tip touching base. This is because 
of the additional information given by the behaviour 
of the other Seger cones of the series. 

(5) The correct rate of heating during the last 
100°-200° C. is a matter of considerable difficulty, 
especially with a gas-heated furnace. This difh- 
culty is increased the higher the temperature to be 
attained, owing to the diminishing head of heat be- 
tween the flame temperature and the test piece. 

Wuat ‘‘ Signs oF Fusion’? SHALL ConstirutE FAILURE? 
The chief signs of fusion which can be ated by the 
naked eye are :— 
) Glazing of surface. 
) Bending of test piece. 
3) Sw elling. 
4) Loss of. angularity of edges. 
(5) Matrix running out. 
(6) Flowing. 

A large number of tests by different laboratories appear 
to show that with fireclay, siliceous, and silica refractories, 
a suitably shaped test piece, heated under specified condi- 
tions, begins to bend, or the matrix runs out either before 
or as soon as the other signs of fusion appear—with the 
exception of surface glazing. Mere surface glazing could 
not be held to represent failure. 





Where local inclusions of easily-fusible material such as 
‘iron spots ’’ cause erratic results, e.g., tip of cone falling 
off, it is well to repeat the test, avoiding an inclusion if 
possible. The result will be judged somewhat in conjunc- 
tion with the extent of such local weaknesses. 

BENDING OF SEGER CONES AND SIMILAR SHAPED Cones 
OF REFRACTORIES. 


The reason for this bending is worth consideration 
When heated with the base in a horizontal position, and, 
therefore, with one edge vertical, the cone is subjected to 
two forces tending towards deformation, viz.: its own 
weight, and its surface tension. These forces are resisted 
first by cohesion, and as this decreases with rise in tempera- 
ture, by internal friction or viscosity. It is evident that 
the weight or load is greatest in the bottom layer under 
the apex—henc e, the internal friction will be overcome at 
this point first, thus causing the cone to tilt and then pro- 
gressively bend over. It is assumed the cone is heated 
uniformly throughout the mass. 

A symmetrical cone with the apex over the centre of the 
base is more likely to squatt on itself, and not bend like the 
Seger cone which has the apex over one corner of the base, 
owing to one edge being perpendicular to the base. 

With some materials the force of surface tension plays 
the major part in causing deformation—e. g., Fieldner, Hall, 
and Feild’ have demonstrated that it is possible to heat 
cones of certain coal ashes in a horizontal position sup- 
ported only at the base, and under even these extreme con- 
ditions the material collects in the form of a blob before 
it has time to bend under its own weight. 


THE REFRACTORINESS TEST—A Licut Loap TEST. 


We see from the above remarks concerning the bending 
of cones that the refractoriness test partakes" somewhat of 
the nature of a light load test, and it is, therefore, not sur- 
prising that cones of varying shapes and sizes are found 
to give discordant results. 

As illustrating this point, we have found from a large 
number of tests on fireclay, siliceous, and silica refractories 
that a triangular pyr amid (usually termed a cone) 1} in. 
high and § in. side of base, having one edge perpendicular 
to the base, starts to bend about 1 Seger cone (20° C.) 
lower than a pyramid 1} in. high and 2 in. base. The 
cones were heated with the base horizontal and at 50° C. 
per 5 minutes in an oxidizing atmosphere. This can be 
seen in fig. 1. Bwas 1? X 2 in. and C 1} x 3 in.; B shows 
the most bending, although it was heated to half a cone 
less than C. Bigger variations in shape and size of cont 
show wider differences. 


BEHAVIOUR OF CONES OF DIFFERENT SIZE, BUT SIMILAR 
GEOMETRICAL ANGLES. 


It has been suggested that where the nature of the mate- 
rial makes it very difficult to cut an accurate test cone of 
the specified dimensions—1} in. high, % in. base—e.g- 
where the grog is large and the material crumbly—that 4 
larger geometrically similar cone should t be seed. On the 


1 Ref. Bulletin 129, American ‘Bureau of Mines. 
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reasoning that it is a light load test one may expect the TaBie III. 
largcr cone to show signs of bending before a smaller one— = ee a eS 
assuming, of course, that the rate of heating ensures that | prick (Lab. No. W.554). . | A Cone 29 
the cone is heated uniformly throughout its mass. In | B ” 293 | Diff. 14 
prac ‘ice, it is possible that with the furnace temperature 4 : A 
rising at the same rz -_ in both cases, the interior tempera- ee 
ture of the large cone lags behind the furnace temperature sagan Be 
more than the interior temperature of the smaller cone | Brick (Lab. No. W. 509). | . Cone 7) ne 
docs. This would tend to mask any difference in first signs G 7 S a 


of bending. 

A rough attempt was made to measure the difference in 
temperature between the outside and inside of a large cone 
(; X 14 in.) when being subjected to a rising temperature. 
The method was to drill a small hole up the centre of the 
base large enough to take a small Seger cone. After the 
test the large cone was broken, and the state of the Seger 
cone noted. Two results gave :— 


Test cone heated at standard rate to Seger cone 30 
outside. Seger cone 29 inside was completely 
rounded. 
) Test cone heated to Seger cone 30 outside. Seger 
cone 30 inside glazed and just rounding. 

From these results it is evident that there was less than 
one cone (20° C.) between the inside and outside. 

We have made several comparisons on the refractoriness 
of large and small cones of similar geometrical angles and 
dimensions 14 in. X 3 in. base, and 3 in. X 14 in. base, one 
edge perpendicular to the base. The furnace was raised at 
50° in 5 minutes, and the atmosphere was oxidizing. The 
following results on four separate pairs of cones, all from 
the same block, and one pair of siliceous material, are 
typical. 


TasBie I. 


FIREBRICK MATERIAL. 

















Heated to Seger Cone. Cone 14 x in. | Cone 3 in. x rin. 
casey” pia aaa ; cane ad 
29 Practically straight Bent 4; in. 

30 Bent ,'; in. ae ae 
30+ » $ in. | a 
3I1- Down Down 
SILICEOUS MATERIAL. 
ee: a : " 
Heated to Seger Cone. | 
30+ Bent 4, in. Bent 4 in 


NOTE.—The amount of bending is the depth of the 
chord formed by placing a straight edge against the bent 
edge of the cone. 

‘ig. 1.—C 14 in. X 2 in. and D 3 in. X 14 in. illustrate 
the results of two similar cones heated to the same tem- 
perature. 

These results confirm Cobb’s experiments, showing that 
a large cone goes down at the same temperature as a small 
cone of similar geometrical angles. At the start, however, 
the bending of the large cone is more noticeable than that 
of a small one, and material might be failed with a large 
cone which just passed with a small cone. 


Raxce or TEMPERATURE BETWEEN ‘First SIGNS OF 
BENDING ’’ AND ‘‘ SQUATTING.’ 
Sor 


of ten 


interesting tests were carried out to find the range 
emperature between the first signs of bending and the 
Ordinary squatting test. 

_Pairs of cones of different material, of dimensions 1} in. 
high in. base, one edge perpe ‘ndicular to base, were 
heate’ at 50° in 5 minutes in an oxidizing atmosphere, 


one nperature of first signs of be nding, and the other 





to squatting, The following are typical results. 
Tasie IT. 
First Signs of Bending. Squatting. Diff. 
Silic “- — 
a "3 Seger cone 31 Seger cone 32 I 
irebri 29 304 14 
+ 1 + 
Siliceou : ih - 2s 


follow 


shows the 
cones, 


range of two makes of firebrick at the 











EFrrect OF HOLDING TEMPERATURE NEAR SOFTENING 
TEMPERATURE. 

Experiments were made where test cones of refractory 
material 14 < } in. base (one edge perpendicular to base) 
were maintained near their softening temperatures, for 
varying periods in an oxidizing atmosphere. The tem- 
perature was taken to a prearranged Seger cone, and then 
maintained within fairly narrow limits (usually + 15° C.) 
by adjusting to the readings of a Siemens’ Optical Pyro- 
meter. The following typical results were obtained : 


TaB_Le IV. 


MATERIAL (LAB. No. W. 724) COMPOSITE FIRECLAY — SILICA BRICK 








Time. | Cone. Result. 
ae 5 
Standardtest . . . . | 30 Bent 4; incht 
RE bce. fSe.4)" 3 ey 27 Straight 
. «= a ee ee 27 Straight 
Se & i S « .6° Ss «9 28 Bent »; inch and squatting 
MATERIAL—SILICEOuS. See Fig. 1; E, F, G, H. 
Time. | Cone. Result 
Standardtest .... | 32 Half down Fig. 1 H 
[oe a ke Re 27 Straight x! : 
; — ee 2 26-264 Straight , 
, i | 284 Half i Sait clea: Fig.1G 


+ The amount of bending is the depth of the chord formed by placing 


a straight 
edge against the bent edge of the cone. 


The results show smaller divergencies from the stan- 
dard test than was expected, but they confirm the well- 
known fact that prolonged heating generally brings a cone 
down at a lower temperature than the standard rate of 
heating. They are interesting when considering the effect 
of varying rates of heating. 

Tests with Cones MADE FROM GROUND-UP SAMPLES. 


Some consultants report the refractoriness test on test 
cones made from ground-up samples, and, of course, the 
results are not comparable with the correct test. The fine 
grinding and intimate mixing profoundly alter the physical 
characteristics of the original refractory, e.g., in Fig. 1, 
(A)* is a cone of ground-up siliceous refractory material, 
and (C) a cut cone from the same brick—both taken to the 
same temperature. In this case the powdering has lowered 
the refractoriness. 

Such a test may, of course, give quite useful experimental 
data about the material, but cannot be substituted for the 
refractoriness test. 

REASON FOR HIGH SPECIFIED TEMPERATURE OF 
REFRACTORINESS TEST. 


Under the Gas Engineers’ Refractoriness Safety Test 
the material shall show no signs of fusion, viz. :- 

Silica when heated to not less than 

Seger cone ‘ 

First-class fireclay goods iene 

Siliceous goods 

These mits are high, chiefly ‘to cover: 

(1) The adverse effect of load, and (2) the adverse effect 

of reducing atmosphere. 

Refractories—particularly fireclay types—show deforma- 
tion under load at considerably lower temperatures than 
the above. 

The specified temperatures are for heating in an oxidiz- 
ing atmosphere, whereas, in practice, the atmosphere is 
usuallv a reducing one. A reducing atmosphere generally 
causes a refractory (especially one containing iron) to de- 
form at a lower temperature than an oxidizing atmosphere. 
Unfortunately, with a reducing atmosphere results are 
much more erratic than with an oxidizing, and for the pur- 


30 (1670° C.) 
29 (1650° C.) 
C.) 


29 (1650° 


* Ground in a gate mortar to avoid contamination, 
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Fig. 2. 


pose of making a standard test the latter has, of necessity, 
been adopted. 
IMPORTANCE AND LIMITATIONS OF THE REFRACTORINESS 
SaFEty TEST. 

The Refractoriness Safety Test has two important func- 

tions :— 

(1) It determines whether a material has any claim to 
be classed as a refractory when tested under cer- 
tain standardized conditions. 

(2) Being a moderately quick test, it gives the purchaser 
a fairly reliable check as to the constancy of quality 
of refractories coming from any particular maker; 
é.g., on several occasions, after a series of deliveries 
which have been satisfactory, succeeding deliveries 
have started to show decreasing refractoriness. 

Upon taking the matter up with the makers, who have 

been only too willing to co-operate, we have had such ex- 
planations as the following :— 


(1) Excessive grinding of silica has caused contamina- 
tion with iron from the pans. (This was also con- 
firmed by complete chemical analysis, which, how-, 
ever, is a long test compared with the refractoriness 
test.) 

) Carelessness has crept in, in mining or quarrying 
the raw material, and strata of wrong material have 
been included. 

(3) Too much fine dust has been left in. 

(4) Erratic mixtures have resulted from measuring by 

barrow load and not by proportioning machinery. 

It is very inadvisable to expect more from the refractori- 
ness test than the above information. As specified at 
present, it is of very little use concerning the following 
vital factors : 


*(2 


Effect of flue-dust fluxes, salts, vapours, and mineral 

matter; steam, hydrocarbons; abrasion and erosion, 

&c. Reference has already been made to reducing 
atmosphere and load. 

As previously mentioned, even the load test as at present 

understood will give very little information concerning 
the above important factors. 


THE AFTER-CONTRACTON TEST. 


This is probably the most important test in the present 
specification. It throws light on the correctness or other- 
wise of the heat treatment already given to the refractory 
by the manufacturer. ; 

The specification stipulates that ‘‘‘ test pieces ’ of 2} in. 
to 3 in. long by 1} in. to 2 in. by 14 in. to 2 in., when 
heated to a temperature of 1410° C. (approximately Seger 
cone 14), and maintained at that average temperature for 
two hours, shall not show an after-contraction or expansion 
of more than 1 p.ct. for retort material, or 0°75 p.ct. No. 1 
grade firebrick, or 115 p.ct. No. 2 grade firebrick, or 
0°5 p.ct. for silica—a tolerance of o'r p.ct. being allowed 
for experimental error . the average of two tests shall 
constitute the result.’’ 

Special instructions are given as to grinding, marking, 

*NoTE.—At some works the mining or quarrying of the raw material does 


not seem to receive the attention it deserves. There would appear to be nn 


more important point where technical supervision and constant testing is 
required, 


rate of heating, oxidizing atmosphere, and temperature 
control. 

The correct interpretation of this test has been shown 
to be full of pitfalls. Miss Jones (‘‘ Trans. Inst. Gas. 
Eng.,’’ 1924) has shown that bricks measured in diffe rent 
directions give different results. Bricks from the same kiln 
give different results, as we have frequently experienced— 
some passing, some failing. Eurnace design profoundly 
affects the result, and one has to look out for the warping 
effect of too severe top or bottom heating, when the test 
pieces are lying down on the hearth of the furnace. If the 
test pieces are placed on end to avoid warping, one runs 
the risk of bits sticking to the test pieces, and which inter- 
fere with the final measurements. 

METHOD OF MEASURING. 

Fig. 3 shows our method of measuring. The triangular 

pieces of card protect the gauge from wear, and measure- 




















Fig. 3. 


ments have demonstrated the very small wear of these 
cards. The gauge, test piece, and cards are located by the 
steps of the base board. The length of each block is mea- 
sured in four places, and each place is measured twice. 
These in routine werk usually agree within o’oo1 in. The 
wear and compression of the cards amounts to only 
0'0059 in. after 456 measurements. 

The accuracy of this method of measurement may be 
judged from the following figures taken at random from 4 
series :— 


SAMPLE J To. TABLE V. - 

Position. 1st Measurement. 2nd Measurement. Difference. 
ae . * 3°6432 in. 3°6435 in. "0003 
be. pats 3°6370 ,, 3°6374 4, psc 
ce. . en 3°6286 ,, 3 6275 ,, —o-'oort 
Os 3°6390 ., 3°6389 ,, —o* oon! 
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These figures were averaged for use, giving the average 
difference of o’ooor2. 

it must be remembered that between the first and second 
measurement of each position the: cards, test piece, and 
gauge were moved four times. With very friable and coarse 
bricks the differences are greater. 


Errect OF Successive HEaTINGs. 

The application of the results of the after-contraction 
test needs care. It must not be thought that the result 
obtained is the limit of expansion or contraction. If the 
sample is again tested there is a further change. The 


following figures give the results of one of our experi- 
ments :— 


TasLe VI. 
Total contraction after one heating to 1410° C. for 2 hours = 0°45 pct. 
” ” »» «Six ” » oy OSD 
’ » ten ” ” = tt '4 


EFFECT OF TEMPERATURE AND DuRATION OF HEATING. 
(A) Experiments have been carried out to determine the 
after contraction or expansion after maintaining re- 
fractories at temperatures both higher and lower 
than the 1410° C, of the standard test, and for vary- 
ing periods of time. j 
We were desirous of finding the change in size 
of typical refractories after successive heating at 
950°-1000° C., totalling in time 1006 hours. The 
conditions of test and results are given below. The 
figures are percentage total contraction (—) or ex- 
pansion (+) on the original length, and are average 
results from three test blocks cut from each sample. 
The heating was conducted in a muffle furnace (oxi- 
dizing atmosphere) and the temperatures were re- 
corded by a platinum-platinum-rhodium thermo- 
couple and Cambridge Thread Recorder. 
The silica brick shows a progressive and appre- 
ciable expansion, and the others show a contraction 








| Approx. 
ConpD!ITIons. Silica 
Content. 
Heat No. . ete ck fe Of ey ee I 
Average temperature °C... . . . « «| es go8 
Maximum temperature°C. . . . . «© «| os 1005 
Duration oftesthours. . .... . ee 98 
SOmn mee MOMS 6 4k kk klk tt oe 98 
RESULTS. | 
a a eee oe ee 
CEO as se ee 6 6 «, « ol Se —‘oor | — 
Reinforced brick (fireclay-silica). . . . .| 69'0 —*'003 | —" 
Firebrick. . . ° aan a1] @6o — 036 | —" 








TasLe VII. 





(C) Comparative tests were made on four typical silice- 
ous bricks maintained at 1410° and 1500° C., in 
an oxidizing atmosphere, for two hours, giving the 
following results of percentage permanent expan- 





sion : 
TaB_e IX. 
Sample. | A. | B. | Cc. D, 
: a — 
cer C.. o'18 0°26 0°23 o'12 
t500° C.. . 0°50 0°33 © 37 | 0°28 


The differences between the results at the two tempera- 
tures are much smaller than in the previous examples. 

The results of experiments on the ‘‘ after-contraction 
test’? given above are as yet too few on which to base 
far-reaching conclusions, but we have put them forward 
as being suggestive. 

The query naturally rises as to whether determining the 
after contraction at the one temperature of 1410° C. as 
per specification is sufficient with certain refractories, ¢.g., 
the composite fireclay-silica brick. 


Notes ON TESTING ORGANIZATION AND EQUIPMENT. 
Wuat CoNSTITUTES A REPRESENTATIVE SAMPLE ? 


We have long recognized that it is impossible to judge 
the quality of deliveries on contract samples, or just a few 
random samples, and, therefore, make a practice of test- 
ing one sample at least from every truck* before unload- 
ing to save demurrage costs. (For large contracts we 
have frequently sent to the works and selected ‘‘ forward ”’ 
samples from the kilns; if these have proved correct, the 
deliveries are made, but still tested.) 

This systematic testing very efficiently shows whether 
material is coming in uniformly good, or some good and 





| 3 | 4 6 7 8 9 
915 971 | 987 965 * pi 4 
1000 1020 | 1020 | 990 t t 
101 | 114 | 116 116 | 116 116 116 116 
199 | 313 | 429 | 525 661 777 893 | | 1000 

| | } 

aan ee ? 

103 | +°132 | +°157 | +201 +°246 | +'264 | +°260 | +°286 
‘00g | —‘or2 | +’o19 | +°*c61 | +°065 | +'082 | +°083 | +°083 
097 | — ‘009 | — ‘025 | —*005 +028 | +'022 | +°034 + ‘O17 
036 — 047 | —'048 | —'046 | —‘o17  — ‘O17 —"‘OIl | —*025 





* Approximately 960° C, 


gradually merging into an expansion—even in 
the case of the firebrick there seems to be a ten- 
dency for the contraction to give way to an expan- 
sion. 

The bricks are in descending order of silica con- 
tent, and when comparing the different bricks the 
amount of contraction increases with decrease in 
silica, 

Unfortunately, we had not sufficient material to 
carry out the standard test of 2 hours at 1410° C. 

(2) Other tests have been carried out at 1300°, 1400°, 
and 1460° C. on composite fireclay-silica bricks up 
to 7 hours’ heating. 

Tasce VIII. 





rick. Time. | 1300° C, 1400° C, 14%0° C. 

: i id & nasa 
ty . 4 4 hrs. | + 0°02 + 0°18 + 1'o 
“a s 8 > | -—o'1r — o'19 — 1°45 
3.4 <u 2: | —o'rrs — 0°28 _ —2'20 


| 


The results show big variations between the be- 
haviour of this material; B.8 showing continued ex- 
pansion, and the two samples of B.4 continued con- 
traction. 

The considerable increase in expansion or con- 
traction on heating at 1460° C., 7.e., 50° C. above 
the standard test, gives serious food for thought, 
as the material is seen to be satisfactory at the stan- 
dard temperature. 


t Approximately 990° C. 


some bad. When consignments begin to show what we 
call ‘‘ border-line ’’ quality, we increase the testing so as 
to have sufficient evidence for rejecting it. We often 
speculate as to the ultimate destination of rejected mate- 
rial. 

As the deliveries arrive, a careful inspection is made as 
to size, texture, &c., and a few tests for “‘ black centres.”’ 
We have occasionally had to reject material for the latter 
cause. After-contraction tests on such material show 
considerable warping, and occasionally the test piece 
bulges and cracks. 

During the inspection, samples are selected as being (to 
the eye) representative of the whole and sent immediately 
to the laboratory, with full details. On receipt there, they 
are marked with a distinctive number, and given to an 
experienced bricklayer, who cuts off and grinds on a car- 
borundum wheel the requisite shapes for the refractori- 
ness and after-contraction tests. The time taken varies 
considerably with the texture of the brick, but with a good 
brick, a test block and a cone can be made in 30 minutes. 
The remainder of the brick is stored for future reference— 
a very useful precaution in case of dispute, failure in use, or 
desire to carry out further investigation. ; 

The testing chemist marks (with manganese dioxide 
and gum arabic ink) and measures the block for the after- 
contraction test and mounts the cone for the refractoriness 
test. They are then placed in their respective furnaces. 


* Even one test cone from one truck is considerably less than one millionth 
of the consignment, 
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LENGTH OF TIME OF TESTS. 


If all goes well, the result of the refractoriness test can 
be reported within a minimum of four hours from receipt 
of sample. The after-contraction test, however, takes 
much longer, as it must be slowly cooled down in the fur- 
nace—hence we arrange to carry out the heating (about 
4-5 hours), and allow the furnace and test piece (or pieces) 
to cool overnight. Next morning the test piece is cooled 
in the air to atmospheric temperature—usually taking an 
hour—the measurements made, and the result obtained 
about 10.30 a.m. to 11.0 a.m. If the samples fail, fresh 
ones are immediately tested, and if they still fail the mate- 
rial is rejected. Tests on immediately prior deliveries are 
invaluable in making decisions. 


AFTER-CONTRACTION FURNACE 


The after-contraction furnace is one of the well-known 
surface combustion type by the British Furnaces Com- 
pany. It is supplied with low-pressure town gas and air 
from a No. 8 Empire Blower by Alldays & Onions, driven 
by steam engine. A pressure of 6-in. water gauge is re- 
quired at the nozzles for heating-up, dropping to 24 in. 
to 3°in., after the temperature of 1410° C. has been at- 
tained. 

The pressure given by the blower must be a little higher 
than these figures. The gas consumption is about 400- 
500 c.ft. per hour. This furnace is normally worked at 
1410° C., but it has been pushed up to 1500° C. for ex- 
perimental work. 

The area of the working hearth is 126 sq.in., and enables 
about ro test blocks to be satisfactorily treated at the same 
time. The heating is very uniform. 


REFRACTORINESS TEST FURNACES. 


Both electric and gas furnaces are used. The gas fur- 
naces (Fig. 4) are small pot furnaces, built by our staff. 
The refractory liner is 6 in. internal diameter, 9 in. high, 
and 1% in. thick wall, set in firebrick, and enclosed in 
stout iron case, which can be entirely closed during a test, 
or opened at will for inspection. Combustion products 
and fumes are taken away up a draught pipe worked by a 
fan. Two injector burners with ? in. nozzles enter tan- 
gentially near the bottom of the liner. These are sup- 
plied with low-pressure town gas and air from the blower 
at about 2} to 3 Ibs. per sq.in. 

In order to control the rate of heating after the tempe- 
rature has reached about 1600° C., the careful enrichment 


of the blast with oxygen has been tried with encouraging 
results, using about 20-30 c.ft. oxygen per heat, and 


costing about 1s. in bulk. During the 1921 coal strike 
benzolized air was successfully used instead of gas to raise 
the temperature above 1600° C. at the correct rate. 

The test pieces after mounting on refractory discs are 
enclosed in special crucibles, placed in the cold furnace, 
and the heating proceeded with. The special crucibles 
are to ensure protection from flame contact, and are made 
in the laboratory by slip casting a mixture of kaolin, alun- 
dum, old crucible grog, and sawdust in a plaster of paris 
mould, and afterwards firing at 1410° C. for two hours. 

ELECTRIC FURNACES. 

Tests are also conducted in two electric furnaces of the 
Hirsch type built by our staff. We have found carbo- 
frax tubes very satisfactory for these furnaces, although 
they are inclined to fume at high temperatures. 

One furnace is for refractoriness testing and the other 
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for load tests. They require 8 to 10 kilowatts each. The 
three-phase current is taken from our mains at 440 volts, 
and broken down to 40-100 volts single phase by a 15 
K.V.A. tapped Scott transformer. 

ig. 5 shows part of this equipment. The refractori- 
ness furnace is in the corner, and a simple load furnace, 
with automatic recorder, in the centre. The 3-in. pipes 
on the wall are connected with the ventilating system, 
and remove the large quantities of carbon monoxide 
evolved from the furnaces. 

\ more elaborate type of load furnace is used as re- 
quired. 


PART II. 
\ FEW EXPERIENCES WITH REFRACTORIES 
IN VERTICAL RETORTS. 


In order to understand better the chemical and physical 
conditions which refractories have to meet in retort’ set- 
tings—such as verticals—we are collecting systematically 
data from observations made during the dismantling of 
ielort settings, and also making such measurements as 
are possible during the life of various settings. This kind 
ol information, linked with the results of tests on the 
original and dismantled material, together with the life 
history* of the setting can help towards : 

(1) Choice of a suitable type of refractory for each zone 
of definite conditions where such zones are shown 
to exist. 

(2) Improvement in design to counter ill effects from 
inherent properties of refractories, such as rever- 
sible expansion, silica inversions, &c. 

(3) Production of refractories more resistant to known 

adverse influences. 

(4) Schemes for reducing adverse influences, such as 
elimination of dust from producer gas, avoiding too 
salty coals, &c., &c. 

.) Adoption of the most suitable practice in working 
the setting to reduce the opportunities of damage 
by adverse influences. 


We appreciate that much has already been done to meet 
the above suggestions, but there is still much more to be 


done both by the Gas Engineer and the Refractories Manu- 
lacturer. Emery’s paper on the behaviour of silica refrac- 
tories was a valuable contribution to the subject. (W. 
Emery, Trans. Inst. Gas. Eng., 1924). 

(he work we have done so far in this direction falls far 
below what we would wish, and is only of a preliminary 
Nature, 

The following brief accounts of (1) Measurements of the 
expansion of a vertical setting while being brought into 


* NorE.—The life history of a setting involves regular records of working 
temperatures, shut downs, times scurfed, quantity and analyses of coals 
Used, analyses of flue ash, &c. 


commission, and (2) Observations made during the dis- 
mantling of a retort setting, may be of interest to the 
members. 


(1) MEASUREMENTS Mabe ON HEaTING-uPp A VERTICAL 
SETTING. 


The setting consisted of 4 vertical retorts with two re- 
cuperators in centre, and fired by semi-external producers. 
Temperatures were taken at 22 places, using base-metal 
couples, 8 places in the top flues, 8 in the bottom flues, 2 
half-way down the combustion flues of the retorts, and 4 
at the bottom of the recuperators. 

When gaseous firing was started the readings at the 
top became unreliable, because of the presence of flame; 
the remainder of the temperatures being taken with a 
Cambridge Optical Pyrometer. 

The results are given as curves in fig. 6. 

While the heating was in progress, daily measurements 
were made of vertical movements of the top of the set- 
ting. By means of a dumpy level the height of the set- 
ting was compared daily with a datum mark on a special 
water-cooled standard (corrected for temperature) extend- 
ing from the floor to the roof of the retort house. The re- 
sults are shown diagrammatically in fig. 7,* vertical lines 
representing sliding joints. The upward movements of the 
monoliths (retort + combustion flues) are very interesting 
from the point of view of the tilting effect, which evens 
up as the final working temperature is reached. 

The upward movement of the recuperator and outside 
walls are shown as dotted horizontal lines, because insuffi- 
cient positions were read to show any tilting effects in 
these cases. The retorts + combustion flues are of silica 
(downward heating); the recuperators of firebrick and the 
outer walls of common red brick. The red brick walls 
are remains of a previous setting, and inside them is a 
12 in. wall mainly to act as filling. ‘This explains their 
low expansion. 

It might have been expected that the silica would show 
a large expansion when reaching the ¢8 crystoballite inver- 
sion. This is evidently masked by the fact that, owing 
to the rise in temperature proceeding downwards, the in- 
version does not take place throughout the column at the 
same time, but takes place progressively downwards as 
each horizontal plane reaches the inversion temperature. 

The diagram affords a useful example of the importance 
of correct design, and fully justifies the monolithic struc- 
ture and sliding joints adopted in these retorts. 

The total expansion of the 17 ft. of silica plus 8 ft. of 
firebricks 3°4 in., equal to 1°13 p.ct., expansion on the 
original height. Allowance for this expansion is made in 
the design, and the top of the setting becomes practically 
flush when working temperature is reached. 

Measurements are being made at intervals during the 


*The numbers refer to the number of days after Sept. 15. 
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life of the setting, and this procedure will be continued 
until the setting is cooled down. 


( 


2 


2) OBsERvaTIONS MapE DuRING THE DISMANTLING 
OF A VERTICAL RETORT SETTING. 

(The reconstruction will consist of an improved type 

of setting.) 

Unfortunately, our systematic testing and storing of 
samples for reference was not inaugurated at the time 
when these settings were erected, and thus the examina- 
tion and testing of the old material will not give as much 
information as it might have done. 

ligs. 8 (a and b) show a diagrammatic sectional plan 
and elevation of part of the settings. The whole setting 
consists of 6 units, each comprising 4 retorts, a producer, 
and recuperator with their connecting flues. On each of 
the two long sides of the retort are 3 vertical combustion 
flues (downward heating) with producer gas and air inlet 
at the top, and opening into two common horizontal flues 
at each side of the retort at the bottom. 

This horizontal flue extends the whole width of the set- 
ting, and is provided with a single uptake in the centre. 
Two of these uptakes from one pair of retorts are con- 
nected at the top to one side of the recuperator; the other 
retorts going to the other half. 

The path of the heating gases 


is, therefore, down the 
combustion flues, 


up the midd'e flues, and down the re- 
-cuperator. It will be seen that six times the amount of 
waste gas passes up the centre flue as passes down one 
combustion flue. 

The retorts in this setting are composite. 
where the temperature is not high, the material is fire- 
brick. In the high-temperature zone is a belt of siliceous 
material which has been repaired with silica. Below this 
is firebrick again. 

While dismantling was in progress, it was very soon 
noticed that some phenomena appeared with regularity in 
each unit in a similar position, while other phenomena ap- 
peared in no systematic order. 

First we will consider some of the regular phenomena. 


At the top 


(1) ReGuLaR PHENOMENA IN THE WasTE-Gas System. 


Fusion.—There was very little fusion near the top of 
most of the combustion flues, and this was located at 
definite points. The silica brickwork was irregular, pos- 
sibly due to movements caused by temperature. Where a 








prick projected, corrosion or erosion had commenced, and 
the proicting edge had disappeared. The appearance 
was very similar to what one would expect from a down- 
ward vertical sand blast. In this position, however, the 
temperature would be high enough to fuse any producer 
dust, and the eroded portions showed surface fusion. 

This particular phenomenon was confined to about the 
top 3 ft. 

Fig. 9 is from a photograph of one of these flues. 

Fusion in the waste-gas system is not very great until 
the uptake flue is reached, where there is a large amount, 
especially in the lower half. The firebricks in the centre- 
i.e., near the top of the lower firebrick belt—are in some 
cases soaked through with fused material. Their surface 
is smooth, and breaks with a glassy fracture to a depth 
of about § in. Measurements show there has been a loss 
of over } in. from the original flue face. In some cases 
there has been deformation of the bricks. The flue illus- 
trated in fig. 10 is one of the worst. This is at the top of 
the lower firebrick belt. 

The amount of fusion decreases in passing up the up- 
take flue until at the top, and in the horizontal flue to the 
recuperator, the fused material has not been sufficiently 
fluid to run down,-or to penetrate the bricks more than 
about % in. 

In the recuperators the dust at the top is just fritted, 
and lower down it falls to powder upon touching. 

This flue system presented the problem: Why is there 
more fusion in the lower half of the vertical uptake flues 
than at the same height in the downward combustion 
flues ? 

Two possibilities are outlined here. 

It has been pointed out that six times the amount of gas 
passes up this as down one combustion flue—hence the 
amount of fusible dust passing up is greater. The — 
also is higher. Calder and Fox patented a scrubber for 
removing liquid particles from a gas by passing the a 
at high velocity between surfaces which are wet with t! 
liquid. Probably a similar action takes place in this flv 
The second possibility is that of temperature. One wou id 
not expect a high temperature in this flue, seeing that 

cooler waste gases should be passing up. There are, how- 
ever, evidences of a high temperature. The whole of the 


{ 


) 


setting in the vicinity of flues A and D fig. 8 shows serious 
sagging. Fig. 11 gives a typical profile of this. 

The probable reason for this high temperature must be 
discussed. 
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If one side of the setting is working with excess air and 
the other with excess gas, combustion would take place 
where these two streams mixed in the central uptake 
flues, with consequent rise of temperature. This state of 
affairs might happen, due to scurfing conditions or a high 
wind upsetting the correct proportions of producer gas 
and secondary air, or to the leakage of coal gas from an 
old and porous retort. 

The fact of the flues in the positions A and D having been 
hotter than those in positions B and C is probably due to 
their position affording greater heat insulaton. B and C 
are near the recuperator, the bottom portion of which is 
relatively cool. 

The condition of the flue dust gives some indication as 
to whether the waste gas was oxidizing or reducing, 
although this must be taken with caution, because of the 
possible oxidation during cooling down. 











Fig. to. 


In the majority of cases there seemed to have been 
reducing conditions from the bottom horizontal flue, up 
the uptake flue, and then downwards to a point about one- 
third down the recuperator. The presence of a reducing 
atmosphere would lower the fusion point of the flue dust, 
and the iron compounds in the firebricks. 


(2) REGULAR PHENOMENA IN RETORTS. 


There seemed very little regularity in the retorts them- 
selves. At the top, the face of the firebrick panels had 
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apparently shrunk, causing their faces to become concave, 
or the surface cracks to open out. These cracks pene- 
trated about 1 in. into the material, thus splitting the face 
up into a co‘umnar formation. 

This was confined to the top layer and mainly to the end 
of the retort away from the gas offtake—probably the 
hotter end. 

lig. 12 shows one example of this. 

Near the bottom end of the retort are steam inlets, and 
below these in nearly every case was a shallow vertical 
groove. The face of the brickwork was not in quite as 
good a condition below these nozzles as immediately 
above, though this difference was only slight. 

The bottom blocks showed abrasion, most probably 
caused by the fact that in the bottom casting the coke 
moved sideways. This was more noticeable at the ends 
of the retort. 


(3) IRREGULAR PHENOMENA IN RETORTS. 
The appearance of the remainder of the faces of the re- 
torts can be divided into four types : 
(a) Spalied. 
(b) Little changed. 
(c) Slight, fusion. 
(d) Bad fusion. 


(a) Spalled.—The spalled surface was practically con- 
fined to the silica repairs. It seems as if the spalling of 
the brick above affected the brick below. This often 
caused one-half of a brick to have a smooth surface and 
the other end a rough one. This is seen slightly in fig. 13, 
towards the top left corner. Here the top courses are of 
silica repair, below are courses of siliceous material also 
spalled. The bricks showing the worst spalling are silica 
bonding bricks which pass from the retort face to the back 
of the combustion flues. This may be due to an inherent 
_ property of the material, or, as suggested by W. T. Gard- 





Fig. 13. 








ner, to the effect of pressure in moulding, the panel bricks 
being pressed with the front face down, while the bonders 
are pressed with the front face vertical. This might cause 
the granules to arrange themselves differently in the two 
bricks. 

(b) Little Changed.—Some of the latter repairs natu- 
rally come under this head. In the lower firebrick belt 
there were several of the retorts in this class. There was 
no sign of fusion, and the bricks seemed to have their 
original ‘‘ skin’’ on. The joints were good, but slightly 
cracked. 

(c) Slight Fusion.—This type was found in the siliceous 
and in the lower firebrick belts. The whole surface was 
fused to a slight depth, and the bricks were considera))ly 
reduced in thickness. The joints were filled up with this 
fused layer and not very visible. The general surface was 
not very rough. It may be that the surface had once been 
in the state of the next class, and had since been abraded. 

(d) Bad Fusion.—This type was found in the siliceous 
and in the lower firebrick belt. The whole surface was 
fused to a considerable depth, and must have been in a 
plastic condition. All signs of the joints’ had vanished, 
and in some cases deep vertical ruts had been ploughed 
in. One rut was noticed extending about 3 ft. with a 
depth of over an inch. Fig. 14 shows a ciose up of one o! 
these surfaces—about 9 X 15 in. In this case the material 
is, Or rather was, firebrick. 

In conclusion, we should like to recommend very 
strongly that all gas engineers, in ordering refractories, 
stipulate that they shall satisfy the Gas Engineer’s speci- 
fication, and, where possible, submit the deliveries to syst 
matic testing. The accumulative effect of such work and 
the experience gained from it cannot fail to lead to im 
provement in the quality, greater respect for such material 
in use, and improvement in testing. 


We have been informed by some of the foremost firms 
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that they are not often asked by gas undertakings to 
supply to the specification. Some large undertakings 
carry out a considerable amount of refractory tests, but 
for the smaller works the matter is more difficult, and is 
one of those problems which could be solved by gas under- 
takings grouping themselves according to districts and 
standing a proportion of the expense of suitably equipped 
and staffed central laboratories. 

‘rom our experience it is necessary for refractories to 
be tested by experienced chemists. 

The authors wish to express their thanks to the Com- 
mitiee and Management of the Birmingham Gas Depart- 
ment for allowing publication of the data in this paper, 
and to Mr. E. T. Pickering, B.Sc., for carrying out some 
of the tests. 


(F) 

AN INVESTIGATION OF THE EFFECTS OF LOAD, 
TEMPERATURE, AND TIME ON THE DEFORMA- 
TION OF FIREBRICK MATERIAL AT HIGH 
TEMPERATURE.* 


A. 4, Daz, B.Sc., ALC. 


’ 


[The term ‘* typical firebrick ’’ is freely used in this paper. 
It should therefore be appreciated that this term is 
applied only in a *‘ qualitative ’’ sense. | 

INTRODUCTORY. 

In tvo previous reports,’ by the present author, results 
have been presented indicating the behaviour of a wide 
selection of commercial and laboratory-made firebrick pro- 
ducts, under a load of 50 Ibs. per sq. in., when subjected 
to a rise of temperature of 50° C. per five minutes : 

(a) Until complete failure occurred. 

(b) Until 1350° C. was attained, this temperature being 

maintained constant for two hours. 

The results from the former series of experiments demon- 

strated that, before complete failure occurs, there exists 

for all firebrick material a more or less extended tem- 
perature range during which subsidence will taken place 
under a load of 50 lbs. per sq. in. This temperature 
range was termed the ‘softening range,’’ but to avoid 
misconception of the physical nature of the brick at the 
commencement of this period, the term ‘‘ subsiderice 
range ’’ is used in this paper. 

The second series of determinations involved a con- 
sideration of the subsidence occurring under the given 
load at 1350° C., a temperature which was, in the 
majority of cases, well above the lower temperature limit 
of the subsidence range. The data thus obtained em- 
phasized the importance of the time factor. 

Neglecting for present purposes those firebrick refrac- 
tories with which subsidence at 1350° C. was of so small 
a magnitude as to be masked by the expansion of the 
carborundum thrust rod and supports, it was shown that, 
with a remaining large group of firebrick, the subsidence- 
ume relations under the imposed test conditions conformed 
toa relation of the type D = Kt™, where D = ‘‘ scale”’ 
deformation or subsidence, ¢ = time, and ‘‘ K”’ and “ m”’ 
are constants for a given temperature, ‘‘m’’ having a 
Value less than unity. 

In other words, for a large group of firebricks including 
inany known to be in demand for high-temperature struc- 
lures in this country, there is a remarkable qualitative 
similarity in the progress of subsidence under a load of 
50 Ibs. per sq. in. at a constant temperature within the 
subsidence range. 

Phe ultimate chemical composition of these products 
varied over a relatively wide range, viz., from a SO, 
sae of 71 p.ct. to one of 50 p.ct., from Fe.O,; 5 p.ct. 


5% p.ct., and from alkali (K,O + Na.O) contents of 


a6 


he P-Ct. to 0°58 p.ct. We cannot therefore hope to attri- 
“ye \ith much success, this similarity in the mechanism 
0 


' deformation under stress at high temperatures to 
Similarity either in chemical or in physico-chemical com- 
Position, nor to such physical similarities at ordinary 
Eye oa 

‘ é xplanation in purely 





* Part 3 of the work on this problem. 
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physical phenomena, and, in the field of physical possi- 
bilities, attention must ultimately be focussed on the laws 
governing the deformation or flow under stress of matter 
in the viscous and/or plastic state. 
THEORETICAL CONSIDERATIONS. 

it is indeed remarkable that the fundamental basis of the 
present-day theory of structures is Hooke’s Law, pro- 
pounded so far back as 1676. The law itself deals only 
with the small elastic deformations which disappear as 
soon as the load is removed, and it may be written 
W = ED or D = KW, where W = stress or load per unit 
area of material; D = strain or deformation per unit length 


R : I ' ; 
of material; E (or) = a constant for a given material 


at a given temperature, and termed the modulus of clas- 
ticity. Expressed in words, strain is proportional to 
stress. 

No time factor is involved in the above relation, i.e., 
according to Hooke’s Law, the deformation takes place 
and is completed immediately the load is applied. 

Investigation of the behaviour under stress of numerous 
types of non-metallic and metallic constructional materials 
has, however, shown Hooke’s Law to be either invalid 
in numerous cases or to have only a very limited range of 


application. Thus Walker* states the stress-strain 
relationship for concrete to be represenied fairly accurately 
by an equation of the type W = KD", where K and n are 
constants. 


Similar equations have been suggested by Bach and 
Morsch*. Nutting* working on pitchy materials used for 
road construction has demonstrated experimentally the 
validity of an equation of the type D = KW" t", where kh, 
m, and n are constants, thus giving prominence to the 
time factor (t). Dickinson and others’ also emphasize the 
time factor involved in the tensile deformation of metals 
and alloys at elevated temperatures. Lamb’ similarly 
draws attention to the ‘‘ creeping ’’ which accompanies 
the elastic deformation of silica bricks at ordinary tem- 
peratures, providing a certain load value is exceeded. 
Numerous other cases could be cited. Such evidence 
might be taken to indicate that Hooke’s Law is merely 
a special case of an extremely general law of the type 

D = f(t) A(W)f(7) 
with the deformation under 


to some function of the time t, the stress I’, and the 
temperature J. 


stress D, proportional 


| Thus, if it is assumed that D = kt™ Wre’?, then, when 
the constants have values m=o, n=1, b=o, the 
relation becomes D = kIV, or Hooke’s Law. | 
The present experimentation was accordingly devised 
with a view to disclosing the nature of the independent 
effects load, temperature, and time on the deformation 
of firebrick materials at elevated temperatures, the in- 
dications of previous work’ being regarded as evidence 
that the behaviour of a suitably chosen material could be 
legitimately accepted as qualitatively typical of firebrick 
material in general. 


EXPERIMENTAL CONSIDERATIONS. 


Assuming the deformation of firebrick material under 
load. at high temperatures to be proportional to some 
function of the time t, the load WW, and the temperature T, 

i.e., D = f(t) fC W) f(T), 

it appeared possible, by carrying out a series of deter- 
minations in which any two of these three variables, time, 
temperature, and load, were maintained constant, to obtain 
experimental evidence concerning the nature of the func- 
tion of the third variable. 
only the amount of deformation occurring under different 
loads at 1350° C. during a two-hour interval (i.c., tem- 
perature and time constant), a series of determinations 
under varying loads sLould expose the individual effect of 
load on deformation. 

Similarly, the independent effect of temperature on 
deformation should be demonstrated by determining the 
deformations occurring in a series of experiments at 
different temperatures with load and time factors main- 


For example, by considering 
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tained constant; and the nature of the time function by 
a comparable procedure. 


Experimental Method and Apparatus. 


For the reasons outlined above, the present experimen- 
tation involved the continuous recording of the deforma- 
tion of a typical firebrick material under the following 
imposed test conditions. 


(1) As 1350° C. under loads of 50, 30, 18, and 4 lbs. per 
sq. in. 

(2) At 1300° C. under the same load values. 

(3) At 1250° C. under similar load values. 


Each determination comprised the heating of a 3} in. by 
2 in. by 2 in. test piece, while subjected to the required 
load, at a rate of 50° C. per five minutes until the desired 
temperature was attained. 

The temperature was then maintained constant for a 
period of from two to three hours, during which time the 
progress of the subsidence, as indicated by the movement 
of the cross-wires placed at the extremity of a magnifying 
lever arrangement, was recorded. 

A detailed description of the apparatus of experiment 
has previously been published’ and need not be repeated 
here. 

Precautions were taken to ensure constancy of test piece 
length, and particularly of the area and parallelism of the 
end faces. The limit of accuracy of work at temperatures 
around 1350° C. involving the use of a comparatively large 
electric tube furnace of the granular carbon resistance type 
was, of course, appreciated, and every endeavour made 
to minimize the causes of possible errors. 

Experience with this type of furnace has indicated the 
greatest errors in constant high-temperature work to be 
due to local overheating of certain parts of the furnace 
tube, to insufficient control on the temperature variations, 
and to variations in the furnace atmosphere. 

For the work reported herein these errors have been 
reduced to a minimum by 


(a) Obtaining the heating effect by current intensity at 
comparatively low voltage rather than vice versa. 

(b) By use of variable voltage supply and external re- 
sistance. 

(c) By smearing the surface of the heating tube with a 
wash of low refractoriness. 


The temperature itself was recorded by means of a 
Pt. Pt. /Rh. couple enclosed in a glazed porcelain sheath and 
placed so that the hot junction was maintained in close 
proximity to a centre of one face of the test piece. 

During the constant-temperature heat-soaking period of 
each test procedure, the furnace was repeatedly searched 
for temperature inequalities by means of a standardized 
pyrometer of the disappearing filament type. Additional 
checks on the comparability of the constant temperature 
treatments were afforded by the use of cones placed around 
the test piece. 

Material of Experiment. 

The choice of a typical* firebrick material for this work 
was a point of some considerable importance since con- 
siderations of time rendered it impossible to extend this 
comparatively lengthy series of determinations to more 
than one product. The choice fell ultimately on a brand 
of commercial firebricks previously examined and reported 
upon. + 

The dimensions of the bricks supplied for the present 
work were, however, g in. by 44 in. by 3 in. compared with 
9 in. by 4 in. by 2°2 in. approximately for the sample ex- 
amined on the previous occasion. This point is mentioned 
since the results obtained show an appreciable difference 
in the mechanical properties of the respective samples at 
higher temperatures; it may, therefore, prove to be a 
factor of some significance to the firebrick manufacturer, 
and is considered in a separate report. The chemical and 
certain physical characteristics of the material of the 
present experimentation are tabulated below. The den- 
sity determinations were carried out in triplicate, using 
parafhin, and the usual precautions taken. 








* Typical as regards nature of subsidence under load at high temperatures, 
but not necessarily as regards amount of subsidence. See foreword. 
tSee Pt. II., ‘‘ Bulletin" 7, p. 55 e¢seg. ‘* Brick,'’ No. 14. 
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Ultimate. Chemical Analysis. 


SiO, | TiO, | AlO; | Fe,Os | CaO MgO | K,O Na,O 
| a 
| 
| 








_—_,_—— 
59°17 1°40 33°83 | 3°52 0°36 0°60 | 1°62 
\ \ —_ 
Specific Gravity and Porosities. 
Apparent | true P.ct. | P.Ct. Sealed | 
Seabe Ct. | P.Ct. s True Sp. Gr, 
piste. | Porosity. | Pores. coer ot Sa 
2 | | 
Interior of brick . . | ar°7 22°4 o'7 | 2°629 
Exterior of brick. . 19°3 21°O a°9 | a 


Ordinary Refractoriness—Cone 30. 
Texture. 


The sample exhibited a vitrified outer skin, and a section 
showed a close-textured exterior portion extending to a 
depth of from one-half to one inch. ‘The interiors of the 
bricks were more open textured and did not show those 
characteristics of more advanced vitrification evinced by 
the outer inch. 


With all the bricks examined, a certain discontinuity of 


structure, apparently a making fault, was noticeable at a 
depth of about ? in. from the surfaces. 

Many of the larger particles of a graded grog were 
‘* dark-cored.”’ 

Selection of the Test Pieces. 

The respective differences between the true and eppa- 
rent porosities of the interior and exterior parts of the 
brick (i.e., the sealed-pore values) provide additional 
evidence of the different stages of vitrification attained by 
different portions of one and the same brick. 

In order, therefore, to eliminate, as far as possible, 
errors in this work due to physical differences of test 
pieces cut from different parts of the brick shapes, all 


test pieces were cut from corresponding portions of the 
bricks. 


THE SussipENCES UNDER LoaAp ar DIFFEREN! 
TEMPERATURES AND LoAb VALUES. 

The rate and amount of subsidence of the experimental 
material, treated under different temperature and load 
conditions, is reproduced graphically in Figs. 1, 2, and 3, 
the ordinates denoting deformations in inches (magnified 
16'1 times), the abscissz indicating temperatures to the 
desired value and time beyond that point. In each case 
the almost uniform initial rate of expansion of the test 
piece, the carborundum thrust rod, and supports will be 
observed (AB Fig. 3). In each case, also, a definite 
diminution of the rate of vertical thermal expansion under 
load is noticeable in the region of 1050° C. (B Fig. 3). 
No quantitative significance, however, is attached to the 
varying angle of slope of the expansion portions of the 
individual curves, since this is, undoubtedly, affected by 
the variation in length of the hot zone of the furnace 
during the different determinations. 

Fig. 1 reproduces the results of four separate deter- 
minations at 1250° C. under loads of 50, 30, 18, and 4 lbs. 
per sq. in. respectively. The deformation occurring under 
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Fig. 1.—Showing Progress of Subsidence under Varying Load 
at 1250° C. 
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the last load value was extremely small, and had not 
amounted to 1/100 in. after 24 hours’ heat-soaking at 
this temperature. 

Without going into details at this stage, it is obvious 


froom Fig. 1 that load has a considerable effect on the 
amount of deformation, even at 1250° C., since the de- 
formation under a load of 50 Ibs. per sq. in. assumes, 
after two hours, a magnitude ten times greater than that 
occurring under a 4-lb. per sq. in. loading. 

Figs. 2 and 3 reproduce the rate and amount of deforma- 
tion under similar loads during heat-soaking periods at the 
higher temperatures of 1300° and 1350° C. respectively. 

It is interesting to note that the subsidence portion of 
all the curves in these three diagrams satisfies an equation 


t 
of the type D= (“)” 


where D and ft represent scale 
a 

deformations and time respectively, and m and a are con- 
stants. The values of the constants “a’’ and ‘‘m”’’ 
satisfying the various curves are shown in Table 1, together 
with the percentage subsidences after two hours. 
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Fig. 2.—Showing Progress of Subsidence under Varying Loads 
at 1300° C. 
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Of the eleven values of “‘m ”’ given in this table, eight 


fall between 0°65 and 0°55; furthermore, there is no sys- 
tematic variation in the values of ‘‘m ”’ 
different load and temperature values. 

It therefore appears that the time-deformation relations 
of firebrick material under load at temperatures within 
the subsidence range might be represented by an equation 


obtained under 
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where m is independent of either 
temperature or load. 

In this case, the numerical value of ‘‘m’’ would seem 
to be, to some extent, characteristic of the joint physical, 
chemical, and mineralogical properties of the material 
under examination. 

However, the abnormal values of ‘‘ m’’ obtained for the 
18-lb. loading determination at 1300° and 1350° C. prevent 
the statement of a generalization in this respect. 

THE INDEPENDENT Errect Or LOAD ON DEFORMATION 

AT HicuH (Constant) TEMPERATURES. 

In Fig. 4, the data from Figs. 1, 2, and 3 are reproduced 
in a manner intended to give prominence to the effect of 
load on the magnitude of deformation occurring in a given 
time (2 hours) at different temperatures within the sub- 
sidence range of firebrick material. 

The following consideration of the curves of Fig. 4 
which depict the deformation-load relations at high tem- 
peratures for the typical firebrick material of the present 
experimentation, appears to the author to form a funda- 
mental basis for important generalizations regarding the 
behaviour of fireclay refractories under load at tempera- 


tures within the subsidence range. Reference to Fig. 4, 
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Fig. 4--Showing Effect of Load on Magnitude of Deformation 
Occurring in Constant Times at the Constant Temperatures Shown. 








curve EF, which reproduces the deformation-load relations 
at 1250° C., shows the undermentioned characteristics : 

(a) An initial part EY, of relatively small angle of slope, 
emphasized artificially in the diagram 
zontal line. 

(b) A marked increase of slope (i.e., of the ratio, de- 
formation/load, D/W) between load values of 4 
and 18 lbs. per sq. in., presumably localized around 
the point Y. In other words, there is apparently 
a yield load value above and below which the de- 
formation-load relations afford a distinct contrast. 

(c) A part YA, with the ratio D/W practically constant 
but having a value much greater than the corre- 
sponding ratio for the initial portion EY. 

(d) A part AF during which the ratio D/W is under- 
going a continuous diminution with 
loads. 


by a hori- 


increasing 


TasLe I.—Showing Values of Constants “a” and “m.” 











Temperature. | 1350°. 1300°. 1250°. 
Load in Lbs, per Sq. In. | 50. 30. 18. 4. 30. | 18, 4: 50. 30. 18. 4. 
Value of ‘*a@"? Syne I 10 - 8 | 468 28 37 98 158 80 100 269 


Value of “mm”? | 


3 
5. Se ee 0°55 0°43 0°56 
P.Ct. subsidence . . . || 7°32 


0°64 0'50 0°80 0°63 0*60 0°63 0°65 
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Fig. 5a. 


The other curves referring to the load-deformation rela- 
tions at 1300° and 1350° C. respectively exhibit similar 
characteristics, the difference here being apparently one of 
degrees only. 

A joint consideration of the several curves in Fig. 4 indi- 
cates that: 

(1) For firebrick material, the deformation-load ratio 
(i.c., D/W at a given temperature within the sub- 
sidence range) undergoes a definite increase during 
a restricted load range. It is not suggested that this 
increase in the ratio D/W takes place at an exact 
load value, but rather within a comparatively nar- 
row range of load increase; e.g., with the material 
under investigation, at from 13 to 16 lbs. per sq.in. 
at 1250°; or from (say) 4 to 6 lbs. per sq.in. at 

350° C. Such pressure-range can thus be regarded 
as a “‘ yield load range,’’ and may possibly consti- 
tute a ‘* safe load limit.”’ 

(2) The higher the temperature, the lower the value of 
the ‘‘ yield load ’’ or ‘‘ safe load limit.’’ 

(3) The higher the temperature, the higher the ratio 
D/W at any load value W. 


Plastic and Viscous Flow. 


An interpretation of Fig. 4 on the above lines brings the 
problem of the deformation-load relations of firebrick mate- 
rial at temperatures within the subsidence range into close 
analogy with the concepts of E. C. Bingham’ on the laws 
of plastic and viscous flow of materials at ordinary tem- 
peratures, Thus, Bingham has shown that under ideal ex- 
perimental conditions at normal temperatures the pressure- 
flow relations of a plastic body (e.g., clay in the ‘‘ plastic ”’ 
state, paints, &c.) are of the general form illustrated in 
ig. 5 6; a certain pressure ~ being necessary to start the 
flow, after which the effect of increasing pressure on flow 
follows the ordinary linear pressure-flow (viscosity) rela- 
tions as for true liquids (see Fig. 5 a), i.e., according to 
Bingham, the pressure-flow relations for a plastic body 
possess two characteristics : 

(1) A yield load (f, Fig. 5 a) necessary to start the flow. 

(2) A constant angle of slope of the pressure-flow curve, 

i.e., v/P-p (Fig. 5 a). 


ReLATIONSHIP OF CERTAIN TERMS, 


Solids (including Plastic Materials). Liquids. 
Rigidity (2?) Comparable with Viscosity. 
Mobility (U) Comparable with Fluidity. 


U = 1/R 


Yield value (/), finite Yield value, zero. 


Referring to Fig. 5 4, for plastic materials, the rigidity 


R, = K = 


’ p, and the rigidity R (or its recipro- 
cal,’ the mobility U), define the working properties of a 
given material. The results of Ackermann, Bleininger, and 
Ross, Trouton and others’, afford confirmation of the above. 
There are differences but distinct analogies between 


The “ yield velue ’ 


Bingham’s results and those from the present series of ex- 
periments. 


Analysis of the Deformation-Load Relations for Firebhricl 
Material at High Temperatures. 

Fig. 5 c, based on Fig. 4, shows the author’s conception 
of a series of deformation-load relations typical of firebrick 
material at temperature intervals of X° C. within the sub- 
sidence range. 

Flow during the initial portion of each curve is Considered 
to be of the purely viscous type; it may be a surface effect.’ 
For this initial portion of each curve, if D = KW approx., 
the value of the constant AK increases as the temperature 
rises. 

As the load attains a certain value (yield value), de/orma- 
tion of a more deep-seated origin sets in, this phenomenon 
agreeing more or less with Bingham’s characteristic of 
plastic deformation (vide supra). During the second portion 
of each curve, deformation is both plastic and viscous. 

The ultimate flattening of the curves at still higher loads 
is no doubt the result of an alteration in the texture of the 
material, e.g., a flattening of the pores'’ accompanied auto- 
matically by a bulging of the piece and a corresponding de- 
crease in the initial load on a central cross-section. 

THE SIGNIFICANCE OF A Mopiri—ep MELLOR AND 
Test REsuLT To THE User OF FIREBRICK 
REFRACTORIES. 

The modified Mellor and Moore test result presented in 
lig. 6 illustrates the behaviour of the experimental material 
heated at a rate of 50° C. per five minutes, under a load of 
50 lbs. per sq.in., until complete failure occurs. 

According to the above consideration of Fig. 4, the part 
of Fig. 6 to which attention should be directed is the rang 
AB. Below a temperature corresponding with A (the poi! 
at which marked flattening of the curve becomes noticeable, 
approx. 1200° C.), deformation under loads incurred 10 
ordinary practice will be small. Within the range AA (1200 
to 1350° C. approx., marked acceleration of the rate of sub- 
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Fig. 6.—Showing Progress of Subsidence, under 50 Lbs. per 
Sq. In. and a Uniform Rate of Rise of Temperature. 
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sidence under 50 Ibs. per sq.in. occurring at the latter tem- 
perature value) deformation both in rate and in quantity is 
soverned by the actual temperature and load values. 

* Under certain conditions it may become excessive in both 
respects. Beyond B (1350° C.) excessive deformation would 
occur under very low loadings. The method of applying a 
modified Mellor and Moore test result on firebricks to in- 
dustrial consideratians is therefore made clear. 


INDIVIDUAL EFFECT OF TEMPERATURE ON DEFORMATION. 


The curves of Fig. 7, also reproduced from the data pre- 
sented in Figs. 1, 2, and 3, bring out clearly the individual 
effect of temperature on the magnitude of deformation tak- 
ing place in constant times and urder the given load. 

A consideration of the curves D, Z, and F (Fig. 7), which 
refer specifically to the effect of temperature on the magni- 
tude of the deformation occurring in two hours under loads 
of 50, 30, and 18 Ibs. per sq.in. respectively, emphasizes 
the sensitivity of the experimental material to small changes 
of temperature, providing the actual temperature exceeds 
acertain minimum value. 

With the material in question, small increases in tem- 
perature above 1300° C. (approx.) would appear to exert 
comparatively large effects on the resistance to deformation 
under load (or rigidity), providing the load exceeds a cer- 
tain value, in this case somewhere between 4 and 18 lbs. 
per sq.in. 

Although the phenomenon of melting in the strict scien- 
tific sense is seldom encountered in ceramic work, these 
results provide evidence that for a large class of firebrick 
material heated wnder certain load corditions there exists 
a comparatively narrow and critical temperature interval 
below and above which the resistance to deformation 
under stress affords a marked contrast. 

In the special case examined, reference to Fig. 6 and to 
the ordinary refractory result (Cone 30) shows this critical 
temperature interval to be approximately 470° C. below 
the temperature at which rapid flow occurs under no load, 
and approximately 180° C. below the temperature at which 
complete failure sets in under the applied test conditions 
and a load of 50 Ibs. per sq.in. 

The approximate linearity of curve G (Fig. 7) which deals 
Specifically with the effect of temperature on the magnitude 
of deformation occurring in constant times under a load 
of 4 lbs. per sq.in. is interesting. 

It is the type of deformation-temperature relation under 
loads helow the yield value (cf. Fig. 5 c) one might pre- 
dict from a consideration of the viscosity-temperature rela- 


tions, of high viscosities, obtained by Field” in his work on 
blast-furnace slags. The linearity of G (Fig. 7) strengthens 
the hypothesis previously brought forward in this paper— 
viz., thet under loads less than the yield load, deformation 
of fireb:ick material under stress (at temperatures within 
the sul idence range) isa viscosity effect. 


Ne the data reproduced in curves D, Z, and F (Fig. 7) be 
Plotted, the logs of the deformations against corresponding 


temper ires, the points so obtained fall approximately on 
“Series of straight lines (see Fig. 8). The relation between 
deform ion and temperature, providing a certain load- 
agp exceeded, is, therefore, of the exponential type, 
ihe — occurring in a given time being approxi- 
D ogarithmic function of the temperature—i.c., 


ce 


where D = deformation or vertical subsidence, 





Fig. 8. 
T = temperature, and ‘‘c’’ and ‘‘d’’ are constants for a 
given load. It might be inferred from Fig. 8 that the value 
of the ‘‘constant’’ } decreases for increasing loads. A 
relation somewhat analogous to the above has been brought 
forward on empirical grounds by English”, dealing with 
the temperature-mobility relations of glass. 

The establishment of an exponential relation of the above 
type has a possible important practical application as re- 
gards the rate of an initial firing of a setting, (say) at the 
end of the “‘ slow firing ’’ period of a retort block. 

If differential deformation of various stress-bearing por- 
tions of a setting is to be reduced to a minimum, if not 
avoided, the rate of rise of temperature at temperatures 
above the point corresponding with A (Fig. 6), as indicated 
by a modified Mellor and Moore test result, should fall off 
in an exponential manner as temperature increases. 

This inference is illustrated in an approximate manner 
by Fig. 9. 

The curves of Fig. 7 also emphasize the necessity for the 
scrupulous limitation of temperature below a prescribed 
maximum. Thus, in the case under examination, reference 
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Fig.9.—Showing Theoretical Manner in which Rate of Rise of 
Temperature should Diminish during Initial Firing of Firebrick Set- 
tings, if Differential Subsidence and Straining are to be Minimized. 


to Fig. 7 indicates that an increase of temperature of only 
50° C. above 1300° C. results in an increase of over 100 
p.ct. in the deformation occurring in a given time (2 hours). 


SUMMARY. 

The results of an investigation of the independent effects 
of (a) load, (4) temperature, and (c) time on the deformation 
of a typical firebrick material, at temperatures within the 
subsidence range, have been presented herein. 

Evidence has been obtained that :— 

(a) (1) The flow of firebrick material under stress at tem. 
peratures within the subsidence range is in cer- 
tain respects qualitatively analogous with the 
stress-flow relations of ‘‘ plastic ”’ 
ordinary temperatures. 

(2) At a given temperature within the subsidence 

range a yield load range exists. 

(3) At loads below this yield load range, flow undet 

stress is probably a viscosity effect. 

(4) At loads immediately above the yield value, flow 
is presumed to be both viscous and plastic. Dur- 
ing this period the ratio )/IV” is large compared 
with the corresponding ratio at 
below the vield value. 

The higher the temperature the lower the value 
of the yield load. 


materials ai 


stress values 


(6) (1 
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(2) Providing a certain temperature is exceeded, the 
deformation-temperature relation for firebrick 
material is an exponential one—i.e., D = ce’, 
where c and d are constants for a given loading. 

(3) Below this temperature the deformation-tempera- 


ture relation is approximately a linear one—7.e., 
D = kT. 

(c) The deformation-time relation previously put forward 
(D = kt™) holds for different load and tempera: 
ture values under the test conditions. 

Practical indications have been obtained with regard to 

(1) The regulation of the rate of rise of temperature dur- 

ing the initial firing of a firebrick setting. 

(2) The need for accurate limitation of temperature below 

a prescribed maximum, dependent on the material. 

(3) The method of applying a modified Mellor and Moore 

load-test result to industrial considerations. 
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(G) 

SOME FALLACIES TO BE AVOIDED IN THE 
STANDARDIZATION OF ANY METHOD OF 
TESTING THE LOAD-BEARING CAPACITIES 
OF REFRACTORIES AT HIGH TEMPERA- 
TURES; AND A SUGGESTED METHOD FOR 
STANDARDIZATION. 


A. Jj. Date, B.Se., A.LC. 
OBJECTS OF THE PRESENT REPORT. 


The objects of this paper are to summarize the different 
methods devised to test the load-bearing capacity of re- 
fractory materials at high temperatures, to consider criti- 
cally these methods in the light of recent work, and hence 
to indicate a load-test procedure which, in the present 
state of our knowledge, appears least likely to yield 
anomalous results. The theme of this report is developed 
purely from the testing viewpoint. 


Atm OF A Loap TEST. 


For the present purposes, it is assumed that the primary 
aim of a high-temperature load test is to enable an esti- 
mate to be made, quickly, simply, and cheaply in the 
laboratory, of the resistance of a given material towards 
deformation or subsidence under certain conditions of load- 
ing and uniform temperature encountered in carbonizing 
plants and other high-temperature structures. 


LIMITED VALUE OF AN ORDINARY REFRACTORY TEST 
RESULT. 


There are two phenomena which tend to reduce the 
value of the ordinary refractory test result as a forecast 
of the resistance of refractory material towards deforma- 
tion in industrial practice where these joint conditions 


exist—load and uniform high temperature. 


These two 
phenomena are: 


(1) Progressive softening or/and diminution of cohe- 
sion begins at temperatures which are in some 
cases very much below the ordinary refractory-test 
result. 

(2) The temperature interval between the ordinary re- 
fractory test result and the temperature at which 
subsidence under load commences is variable and 
depends on the nature of the material itself. 
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Proof of these two points will be found in the 
obtained with thirty-six products examined by th 
sent author’, and in the following collection of resi 
Continental products recently published by Hirsch.’ 

According to these data, deformation under low 
may commence hundreds of degrees below the “‘ fu 


results 
pre- 


its on 


loads 


ion” 
point, as shown by the ordinary refractory-tesi pro- 
cedure. 
MetHops INTENDED TO ESTIMATE RESISTANCE TO 
DEFORMATION AT HiGH TEMPERATURES. 
Apart from the ordinary refractory test, the ‘ypical 


methods which have been applied to the above-men.ioned 
purpose can be classified as follows: 

Method 1.—A simulation of the ordinary cold-crushing 
test. The refractory is heated to the desired tempera. 
ture, the pressure is applied quickly, and the test result 
is reported in lbs. per sq.in. (or kg. per sq.cm.) required to 
cause collapse. 

The method appears to have been used first by Gary;’ it 
was later adopted by Le Chatelier and Bogitch, and by 
Bigot, and further developed by Bodin.* 

It is obvious that this method must fail to have much 
practical significance when applied to many fireclay pro- 
ducts at temperatures in excess of approximately 1200°C. 
Owing to the progressive softening of many firebricks at 
these temperatures, the supporting structure becomes, 
physically speaking, comparable with viscous fluids such 
as treacle, softened glass, &c. It would hardly be possible 
to attach any practical importance to a report that the 
crushing strength of a column of treacle is, say, 150 bbs. 
per sq. in.; the column might support this loading’ for a 
fraction of a second, but we know that continued defor- 
mation would occur under a } ounce per sq. in. loading 
if sufficient time were allowed. 

Method 2.—A hot modulus of rupture test. This pro- 
cedure involves supporting the brick at its ends and heat- 
ing it to the required temperature; a load sufficient to 
cause fracture is then rapidly applied to the centre of the 
brick. McGee* restricted the procedure to silica. pro- 
ducts, but if the method is applied to fireclay products, 
as it was by Hartman and Kochler,® the above criticism 
of Method 1 applies, and the results lose much of their 
significance. 

Method 3.—The method introduced by Haereus, who 
determined the rate of penetration of a loaded iridium rod 
into the test material heated to the desired temperature. 
This process of experimentation has recently been modi- 
fied by Rengrade and Desvignes,’ who determined the 
size of the indentation produced in ten minutes by a 
loaded right-angled cone of Acheson graphite. 

The principle of these methods is somewhat similar to 
that of the Vicat needle test for the consistency of clays 


and cements, and to the Brinel hardness test for metals, 


as modified by Ludwik;* while either of the two former 


methods may provide useful indications with fairly homo- 
geneous materials, it is doubtful if reliable results will be 
obtained with commercial refractory products, carrying 
fairly high grog contents or possessing textures which 
vary considerably from the exterior to the interior. The 
results must in such cases be regarded as typical only of 
the surface of the product, and not of the brick or shape 
considered as a whole. 

Method 4.—A determination of the resistance to tensile 
elongation at high temperatures. This method was ap- 
plied by Bleininger and Teetor,’ who used a static tensile 
loading, to porcelain bodies, and by Brown” to specially 
made clay pieces. 

Tarrant” also emulated the ordinary tensile test proce- 
dure (rapidly applied loading) on unfired products, but his 
results are difficult to understand. 

Method 5.—This method, originated in America by 
Parker,” was developed by Bleininger and Brown, Sieurin 
and Carlsson, Shaw, and others,” and recently st: ndar- 
dized in the States as a means of testing the load-hearing 
capacity of refractories at working temperatures.” The 
standardized procedure as applied to the better grace fire- 
bricks consists in heating a full-sized brick at a fixed rate 
and under a static load of 25 Ibs. per sq. in. unti! 2 tem 
perature of 1350° C. is attained. The temperature is then 
maintained constant for 14 hours, and the test result 18 
reported as the percentage subsidence caused by this 
treatment. The test, therefore, aims at classifying '™ 
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Chemical Analysis— | 
MEE sro. o?) 6 a tae 8 83°92 |77°54 |72°99 \66°85 
Al,Os . , ° 15°08 |18°65 |23°47 \28°81 
Fe,03 


- | 0758 | 1°42] 1°28 | 2°25 








Ord. refractoriness in cones . | 29/30| 32 or | 32 
| 29/3 








Commencement of subsidence under | Af 
2 kgms. per sq. cm. (28 Ibs. per sq. in.) |1290° |1225° |1125° |1240° 











1525° |1525° |1425° | 





Rapid subsidence commences at . . |1370 





fractories in order of merit (as regards resistance to defor- 
mation), according to the amount of subsidence brought 
about by a fixed load and heat treatment; it is, however, 
the author’s opinion that the standardization of such a 
procedure is based on certain fundamental fallacies, dis- 
cussed later in this report. 

Method 6.—The Mellor and Moore high-temperature 
load test, as used hitherto in this country.” This test 
result is reported as that cone at which collapse occurs of a 
3} in. X 2 in. X_2 in. test-piece, subjected to a static load 
(usually 50 Ibs. per sq. in.), and a constant rate of rise of 
temperature. The method has been adopted by Mellor 
and Emery, Bradshaw and Emery, Kowalke and Hougen, 
Griffiths, and others ;** but Mellor and Emery” have stated 
that in certain cases anomalous results may be obtained. 

Method 7.—The modified Mellor and Moore test; with 
the discovery of materials which are capable of with- 
standing pressure, without deforming up to temperatures 
of 1700° C. or above, and which are, therefore, suitable 
for supporting and applying the load to test material, this 
method is a logical development of Method 6. In 
this modified test, a complete record is made of the pro- 
gress of subsidence under load from that temperature at 
which vertical thermal expansion ceases up to the tempe- 
rature at which rapid or complete failure occurs. The 
method is, therefore, almost identical with that adopted 
by Mellor and Moore, but the test result is presented in 
the form of a continuous curve. This modified procedure 
has recently been applied in Germany by Endel and Steger, 
Hirsch, Hirsch and Pulfrich, and Steinhoff,’’ in America 
by Wilson,” and by the present author in this country.” 

In the above review, Methods 1, 2, and 3 have been 
shown to be unsuitable for adoption as a standardized 
means of comparing the load-bearing capacities of fire- 
bricks at high temperatures; Method 4 is, as yet, com- 
paratively unexplored in connection with commercial re- 
fractories; and Method 6 has been shown by Mellor and, 
Emery to be capable of yielding anomalous results in cer- 
tain cases. It, therefore, remains to consider the relative 
merits of the standardized American method and the modi- 
fied Melior and Moore procedure, and for this purpose 
a detailed consideration appears essential. 


MECHANISM OF THE DEFORMATION OF FIREBRICK MATERIAL 
UnDER Loap at HiGH TEMPERATURES. 


Previous work” has shown that it is of prime import- 
ance for the user and the manufacturer* of firebrick pro- 
ducts to realize the practical significance of the difference 
hetween the behaviour of two types of matter—solids and 
fluids—subjected to stress or load. This difference was 
exemplified by Maxwell” as follows. He says: 

“A tallow candle is much softer than a stick of sealing 
Wax; but if the candle and the stick of sealing wax are laid 
horizontally between two supports, the sealing wax will in 
a few weeks in summer bend under its own weight, while 
the candle remains straight. The candle is, therefore, a 
- A i a solid, while the sealing wax is a very viscous 
liquid, 

The parenthesis is due to Bingham, who, as the result 
of an exhaustive consideration of the subject,” concludes 
that the significant practical difference between a plastic 
material (a solid) and a viscous material (a fluid) is this : 
A Plastic body can resist a load up to a certain value— 
the yield value—without undergoing permanent deforma- 
tion, while a viscous body will flow or deform under loads, 
no matter how small they: may be. In other words, we 





should build our structures with plastic materials, and 
ee 
Pa a ort intended to show the value, to the manufacturer, of a modified 


1 Moore load test is now in the course of preparation. 
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keep the load below the yield value, providing, of course, 
that the above differentiation is valid. 

We are now in a position to apply the above distinction 
between plastic and viscous deformation to the present 
consideration. If, at a given temperature, say 1300° C., 
the supporting structure of a firebrick consists of a certain 
amount of solid (or plastic) material embedded in a viscous 
matrix, deformation will occur under a load which is below 
the yield value for the solid portion, until the viscous 
portion is squeezed out into the pore-spaces; the solid 
(plastic) particles will then take up the load; at this point, 
providing the applied load is less than the yield value of 
the solid particles, deformation will slow off, and may 
cease, and the future behaviour of the material under the 
given temperature and load conditions will be character- 
ized by relative freedom from deformation. How does 
this idea fit in with actual results? An investigation has 
been carried out to evaluate the effects of time, tempera- 
ture, and load on the deformation of firebrick material 
at high temperatures, and the results obtained have been 
piesented in a previous paper (see this issue, p. 41, et 
seq.). These results leave little ground for doubt that the 
effect of increasing load on the deformation, at an ele- 
vated temperature of this class of material, is of the general 
form shown in Fig. 1. 

Around a certain load value, Y, Fig. 1, a marked increase 
takes place in the amount of deformation occurring in a 
given time. It is, therefore, presumed that under loads 
below Y Ibs. per sq. in., the deformation results from a 




















DEFORMATIONS OCCURRING IN FIXED TIME (TEMP. CONSTANT ) 














LOAD UP TO EXPERIMENTAL LIMIT OF 5O LB. PER SQ. IN. 
Fig. 1. 


squeezing out of the viscous portion of the supporting 
structure, and diminishes in velocity as the solid (or plas- 
tic) portion takes up the load. At loads above Y, how- 
ever, deformation of both viscous and plastic constituents 
is occurring. 

We might further prophesy that the yield load, Y, con- 
stitutes a kind of safe load limit at the temperature to 
which Fig. 1 refers; and providing the temperature is not 
too high, although a firebrick material undergoes viscous 
deformation, it may give satisfactory use as a load-carrier 
at high temperatures if (a) the actual load is below the 
yield value of the solid portion of the supporting struc- 
ture; (b) the amount of viscous matter in the supporting 
structure is not too great at the temperature of use. On 
this reasoning, any standardized high-temperature load test 
method should take into account the two possibilities— 
viscous and plastic flow. 


THREE FALLACIES IN THE AMERICAN LOAD-TEST METHOD. 


The above interpretation of the mechanism of the defor- 
mation of refractories under load at high temperatures sug- 
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gests that any standardized test method is wrong if it in- 
volves merely one determination of the deformation occur- 
ring 

(2) In a specified time. 

(2) Under a specified loading. 

(c) At a specified temperature. 

(a) That the specification of a definite time may be falla- 
cious has already been proved (see Bulletin 7, p. 52). 

(4) The fallacy of prescribing a definite load for a stan- 
dardized constant temperature-time-load test is connected 
with the fact that if the specified load happens to be greater 
than the yield value (vide supra), the resulting deformation 
may be out of all proportion to that which would occur 
under loadings less than the yield value. 

To clarify this section of the argument and at the same 
time to provide visual evidence of the manner in which a 
constant temperature-time-load test result may lead to a 
misinterpretation of the relative values of firebricks from 
the industrial load-bearing point of view, the following ex- 
perimental results are quoted. Two firebricks, Nos. 1 and 
2, were examined at 1350° C. under a load of 50 Ibs. per 
sq.in. 
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Fig. 2. 


The curves 1 and 2 of Fig. 2 depict their respective be- 
haviours under this treatment, Brick No. 1 collapsing after 
3 hour. 

The net result of these two tests would be reported as 
follows :— 


Brick No. 1 collapsed during the two hours load treat- 
ment at 1350° C. 

Brick No. 2 subsided 4°86 p.ct. during the two hours 
load treatment at 1350° C. 


The impression gained from such a result is that Brick 
No. 2 is preferable to Brick No. 1 for high-temperature 
load service. Actually, on the interpretation of the 
mechanism of the deformation of firebricks at high tem- 
peratures summarized above, the only rigid conclusion to 
be drawn from these two results is that the yield value of 
Brick No. 1 is lower than 50 lbs. per sq.in. at 1350° C. 
The actual state of affairs is more clearly brought out by 
the modified Mellor and Moore test result on these two 
products, shown in Fig. 3, coupled with an examination 
of the pieces after testing. While Brick No. 2 is under- 
going deformation, probably of the viscous type, at.a fur- 
nace temperature of 1150° to 1200° C., the viscosity of the 
stress-bearing structure of Brick No. 1 is sufficiently high 
to withstand deformation up to a furnace temperature of 
about 1300° C, 

Under the moderate loadings encountered in many 
branches of industrial practice, we would, therefore, expect 
Brick No. 1 to be more mechanically stable than Brick 
No. 2, a conclusion diametrically opposed to the indications 
of the constant-temperature load test. It should be added 
here that acceptance of the possibility of two distinct types 
of flow of firebrick material at high temperatures, with the 
corresponding acceptance of the ‘‘ yield value ”’ criterion of 
plastic flow, also constitutes an argument against the for- 
mulation of a specification based only on the actual tem- 
perature (or cone) of rapid collapse under a given load and 
rate of heating. 

The possibility of an anomalous result from the ordinary 
Mellor and Moore load test is explained. Such an anoma- 
lous result has already been detailed by Mellor and Emery”, 
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who showed that a certain firebrick widely used in gas. 
retort construction failed completely without warniny at 
cone 3 (1140° C., 2084° F.) under a 50 lbs. per sq.in. load. 
ing, although the brick stood up to cone 29 in the ordinary 
refractory test. By reasoning similar to that used above, 
the ‘‘ yield value ’’ differentiation between viscous and plas- 
tic flow explains the apparent anomaly. 

(c) The third fallacy in the American standardization is 
the specification of a fixed temperature of testing. In con- 
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nection with the effect of temperature on viscous and plastic 
deformation, the following contribution by Lowry to 4 
metallurgical discussion” is relevant and comprehensive. 
Prof. T. M. Lowry says :— 


. = t 
‘© In most cases, there must be a considerable range 0 


temperature below the freezing point within which an over 
cooled liquid has a higher degree of fluidity thin the 
crystal. When, however, you pass to lower tempercures, 
then you get to the state that Sir George Beilby has osttl- 
lated, where the amorphous (viscous) phase has in vased 
in rigidity very much more quickly than the crystal () astic) 





and finally is a far more rigid material. My conciusions 
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are, therefore, exactly those of Sir Alfred Ewing, namely, 
that near the melting point, you would expect the glassy 
phase to be more fluid than the crystal, while at lower 
temperatures you would expect the opposite to be the case. 
These relations may be illustrated diagrammatically as 
follows ” (Fig. 4). (The parentheses are inserted by the 
present author.) 

This reasoning applies qualitatively to the effect of tem- 
perature on the flow of firebrick materia] under stress at 
temperatures at which variable amounts of viscous fluid 
(glassy material) and plastic solid (¢.g., crystalline mate- 
rial) may constitute the supporting structure, according to 
the specific physico-chemical nature of the material. 

Thus, referring to Fig. 5, the respective behaviours of 
such material under load at any of the three temperatures 
T,, T:, or Ts, might be expected to be entirely different, 
and it would be futile to attempt generalization from the 
result of any single pressure-deformation test performed at 
one of the three temperatures. 


SUMMARY. 


It has been suggested in this paper that methods which 
involve rapid application of load are unsuitable as standard- 
ized methods of testing the load-bearing capacities of re- 
fractory materials at high temperatures; furthermore, 
methods which require the penetration of loaded rods into 
the material are also of questionable value. It has also 
been suggested that any method of testing the load-bearing 
capacity of firebrick material at high temperature is to be 
avoided, from the standardization viewpoint, if it involves 
merely one determination of the amount of subsidence at a 
fixed temperature and under a fixed loading. The results 
from such a test will not necessarily place the materials in 
order of merit from the practical load-bearing point of view. 

It has, furthermore, been pointed out that the arguments 
leading to the above conclusion also indicate that any high- 
temperature load-test on fireclay products which involves 
merely the recording of the temperature (or cone) at which 
collapse takes place, under a fixed load, and constant rate 
of rise of temperature, may also yield anomalous results. 


A SuGGESTED STANDARDIZED METHOD OF TESTING THE 
Loap-BEARING Capacity AT Hi1GH TEMPERATURES OF 
FirECLAY PRODUCTS. 


For the completion of the objects of the present report, 
the author would suggest taking into account the experi- 
mental and theoretical points already discussed”, that 
the most satisfactory standardized high-temperature load- 
test method for fireclay refractories should involve the 
continuous recording of the progress of subsidence under 
a static loading and a uniform rate of rise of temperature. 

As regards the specification of details, the preceding 
arguments and the results to which reference has been 
made suggest the necessity, in the case of fireclay products, 
for two separate modified Mellor and Moore tests under 
different static loadings. 

(1) One under a relatively high load (say, 50 Ibs. per 
sq.in.), intended to evaluate the tendency of the 
given material towards viscous deformation at com- 
paratively low temperatures and towards plastic de- 
formation at higher temperatures. 

(2) A second test under a comparatively low loading 
(say, 10 Ibs. per sq.in.), to afford evidence of the 
absence of marked ‘‘ plastic’’ deformation (7.e., de- 
formation or failure resulting from a loss of cohe- 
sion) under moderate loadings up to maximum work- 
ing temperatures. 


The most informative interpretation of the results from 
these tests will then demand a consideration of 


(2) the temperature at which subsidence becomes ap- 
parent, 
(0) the temperature at which marked acceleration, if any, 
in the rate of subsidence occurs, 
(c) the subsidence ranges, : 
(2) the effect of load on the temperature extent of the 
subsidence range, 
(e) the appearance of the pieces after testing. 
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MR. LEATHER’S INTRODUCTION. 


Mr. J. P. LeaTHeEr, introducing the report, said: One of the 
chief pieces of work of this Committee has been the Standard 
Specification first drawn up more than a dozen years ago for the 
refractory materials used in gas-works. In this the gas in- 
dustry set an example to other industries and other countries. 
The composition and constitution of refractories are, however, 
so complicated that finality in such a work could not be ex- 
pected. The Committee have again had to consider the re- 
vision which was made in 1923 at a great expenditure of time 
and effort. The test for refractoriness then adopted has been 
found to be not altogether satisfactory in practice. Different 
laboratories reported widely different results for the same 
material. After much consideration and experiment, it has 
been decided to introduce a new test as the ‘“t Gas Engineers’ 
Refractoriness Safety Test.’’ 

There are two distinct methods by which the test for refrac- 
toriness may be conducted. By one it is determined whether 
the goods are equal to the standard prescribed, and by the 
other how high a temperature the material will stand before 
fusing. For the user it is more important to know that the 
material will not begin to show signs of fusion at a specified 
temperature high enough to cover any conditions likely to 
occur in practice than to know that it becomes soft at a tem- 
perature which is much higher. As, however, the latter method 
of testing has become so well established among makers, and 
also in independent laboratories, the former test is given the 
new name. At the same time the definition of signs of fusion 
is modified by omitting reference to loss of angularity in the 
edges, as to which different observers have found it impossible 
to agree. Further, the condition has been added that one edge 
of the conical test piece must be placed vertical. The specified 
cones for first-grade firebrick and silica goods have been 
lowered, because experience shows that this will tend to im- 
proved qualities in other directions. The cone for first-grade 
firebrick is altered from No. 30 to No. 29 (1670° to 1650° C.\; 
and for silica goods the specified cone is altered from No. 31 to 
30 (1690° to 1670° C.). The Committee are still far from 
satisfied that the new test is all that is required; and 
research is still proceeding which may enable a more satis- 
factory test to be elaborated. It is much to be desired that gas 
engineers should make more use of the Standard Specification, 
taking care that material received is thoroughly tested to en- 
sure that it complies with the specification. Probably in many 
cases the significance of the specification is not properly under- 
stood. In this connection I would recommend the study of the 
paper by Messrs. Rhead & Jefferson, which we are able to pub- 
lish by permission of the Ceramic Society. This explains more 
fully what I have endeavoured to indicate with reference to the 
new refractoriness test, bearing in mind the note that the Com- 
mittee (who represent both makers and users) do not neces- 
sarily endorse all the expressions of opinion in the paper. 

In the case of high-grade silica goods it is important to know 
what proportion of the silica has been converted, in the process 
of firing, into the forms (cristobalite and tridymite) of lower 
specific gravity. If bricks in which this conversion has not 
been brought about are used at very high temperatures, trouble 
may arise due to the expansion which accompanies the change 
taking place in the setting. It is therefore proposed to add to 
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the appendix in section 3 of the specification a description of a 
standard method of determining the true specific gravity of the 
material. From this an approximate inference may be drawn 
as to the modification of the silica existing in the material 
tested. 

A considerable amount of research work has been reported 
to the British Refractories Research Association during the past 
twelve months. By permission of the Committee of the Privy 
Council for Scientific and Industrial Research, we are able to 
present those reports which are of special interest to the gas 
industry. 

There are four communications by Mr. Dale continuing his 
work on the effect of heat, pressure, and time on firebrick 
material. The first is a continuation of the paper published 
last year on the relation between refractoriness under load and 
the composition, physical and chemical, of refractoty materials. 
The fact that firebrick yields at a lower temperature when sub- 
jected to pressure has suggested that laboratory tests on refrac- 
toriness should be conducted under pressure. The American 
Specification prescribed such a test, but we have felt that more 
research was needed before a load test can be satisfactorily de- 
vised. The papers F and G are valuable contributions towards 
this end. In these it is shown that the behaviour at one speci- 
fied temperature for a specified load does not necessarily show 
which is the better of two materials, but may lead. to incorrect 
deductions. When these papers have been carefully studied, 
they may lead to the much desired load test being standardized. 

The investigation of the effects of load on fusibility led to the 
suggestion that pressure might be used in the manufacture of 
clay wares, to enable them to be fired at lower temperatures. 
Experiments were therefore undertaken to determine whether 
this would be economically possible. An abstract of the report 
of these is presented. 

All standard tests for refractoriness are necessarily made in 
an oxidizing atmosphere. Tests in a reducing atmosphere are 
very erratic. The presence of reducing gases in our furnaces 
in practice therefore lends interest to the work of Messrs. 
Vickers & Theobald, which, among other things, emphasizes 
the reducing effect of water vapour, and is a valuable contribu- 
tion to our understanding of a complex problem. 

The conservation of heat and its utilization in waste-heat 
boilers have of late come much to the front. The communication 
by Messrs. Green & Edwards on the heat insulating efficiencies 
of some diatomaceous earth products and slag wool illustrates 
the possibilities and limitations of heat conservation in this 
way. 

A number of other researches have been reported to the 
‘*B.R.R.A.”? These include one by Prof. E. H. Lamb, which 
is of considerable scientific interest, on the deformation of silica 
bricks under stress at ordinary temperatures. There are also 
a number of papers of interest to manufacturers which tend to 
elucidate the changes taking place during the drying of the 
clay and also during its firing. A study of these communica- 
tions may lead to improved and more economical methods of 
production. 

The period of five years during which financial support was 
promised by the Department of Scientific and Industrial Re- 
search terminates this year. The manufacture of refractories 
involves complex chemical reactions at high temperatures. Re- 
search into these reactions necessitates the study of deep-lying 
scientific principles. The investigation of these precedes the 
discovery of their practical application. It is to be hoped that 
the work that has been done will encourage the Department to 
continue their support, and that subscriptions from the indus- 
tries interested will in future be forthcoming in greater number 
and amount. 

Discussion. 

The President: I am sure we are greatly indebted to Mr. 
Leather and to the other members of this Committee for the 
time and trouble they are putting into this work ; and it is to be 
hoped that the Government Department will continue their 
financial support. The study of refractory materials is a very 
important matter not only for the gas industry, but for many 
other industries. I was priviieged to attend one meeting at 
Stoke-on-Trent ; and T can testify to the value of the work that 
is being done there, and how anxious the Committee are to im- 
prove the specification, so that refractories may be of a better 
quality. We know that with our present system of carboniza- 
tion we are going to higher temperatures and higher weight 
pressures ; and therefore it is very important that we should 
have information not only as to temperatures, but also as to 
expansion, JT am very pleased to see that we have Sir Arthur 
Duckham with us this morning. He is always welcome at our 
Institution meetings; and .as he has an immense amount of 
experience with reference to silica and firebrick materials, I will 
ask him to be good enough to open the discussion. 

Sir AktHur Duckuam : [ did not come here prepared to speak 
on this paper, but I am very glad to have the opportunity of 
saying a few words, because, as you all know, I value possibly 
more highly than any other honour that has been paid me, the 
honorary membership of this Institution. This matter of re- 
fractories is a question not only for one side of the industry, 
but for all of us, and it is very gratifying to receive to-day this 
most valuable contribution to this very important subject, be- 
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cause I do not think we in the gas industry realize that 
the maintenance of our carbonizing plants plays such a great 
part in the cost of carbonization. If you get a plant which 
will run for three years, that is satisfactory up to a point. Some- 
times you get a failure in the first or second or third year. If yoy 
can get a plant which will run for five years, that would be 
better still; but if we can extend this to 7, 8, 9, or I0 vears’ 
life, we can realize how much this will reduce the cost of car. 
bonization. I will not deal in detail with the report, but the 
thing that strikes me to-day is that we do not quite realize the 
importance of research into refractory materials. First of all 
we should certainly support the Institution in this magnificent 
work in every way we can—first by money, and, secondly, by 
information. I think a very great deal of assistance could be 
given by having a central committee to deal with information, 
to whom we could send technical statements of our troubles or 
our successes, and the reasons for those troubles or those suc- 
cesses. If I may just take-up the point briefly for a moment, 
in the undertaking of which I am Chairman, I think we spend 
something like £3000 a year in firebrick refractory research 
alone. People may say that we are a contracting firm, and 
therefore are not willing, or that it is not fair to ask us, to 
give away information which we have obtained; but I can 
assure you that the information we have on refractories is abso- 
lutely at the disposal of the gas industry. [Applause.] If I 
may go further, and take the splendid work being done by Mr. 
Rhead, of Birmingham, and work that has been done by the 
Gas Light and Coke Company, and work which is being in. 
creasingly done by gas undertakings throughout the country, 
if we had some system of co-ordinating that work and getting 
information together under some technical head, I think we 
should make considerable progress. Moreover, I do not think 
we can possibly have anybody better than Mr. Leather as a co- 
ordinator. He has an extended knowledge of this class of 
work, and he is one of the lucky men with a certain amount of 
freedom. He has earned his rest; but I do not believe that it 
is good even for men like Mr. Leather to have too much 
leisure. [Laughter.] It would not be good for his constitution. 
[Renewed laughter.] Under Mr. Leather’s guidance and chair- 
manship, I am certain that information could be co-ordinated 
and circulated through this Committee to the gas industry with 
the greatest possible assistance. This, after all, is a most vital 
question for gas plants. You get results from all sorts of plants 
which are absolutely excellent. You get high efficiencies from 
a particular system of carbonization ; but when you come down 
to it, the refractory material question plays a very important 
part in your results. If you can only have retorts which would 
enable you to go to higher temperatures without trouble, then 
I am certain that all your balance-sheets would be very much 
better than they are to-day. If we take the various firms of 
contractors, they see hundreds of plants in a year under hundreds 
of different sets of conditions; and I should like to put it for- 
ward that, if possible, either through the engineer of the works 
or even through the technical staffs of the contractors, this in- 
formation should be collected and co-ordinated, so that it will 
be easily available to all those interested. Let me impress upon 
you the importance of supporting the gas industry in this splen- 
did work on refractories which is being carried out. 

Mr. T. F. E. Rueap: I-do not know that there is very much 
I can add to the discussion. There are, however, one or two 
points which have struck me recently. In talking to manufac- 
turers of refractories, I have been surprised to learn that they 
are not often asked by gas engineers for material to specifica 
tion. That statement comes from at least two of the largest 
firms in the country; and it has been a matter of very great 
surprise to myself. If gas engineers would realize the variation 
there is in materials even from very good firms, who cannot 
always help themselves, they would go in for testing 4 good 
deal more than they do. I have summarized a few points In 
the report bearing on this matter. I hold no brief for the test 
set out in the report; but it is a case of choosing the lesser 0! 
several evils, and it is better to have some form of test than 
none at all. The present specification, as we know, leaves un- 
covered many factors which affect refractories. For example, 
we have nothing as to the effect of corrosion. The refractor!- 
ness test is fairly well known; and I think it is an extremely 
useful test for gas engineers to adopt. One might say that tt 
is a fairly quick test. You can carry out this test in four hours, 
and this enables you to check your material even before um 
loading. (Mr. Rhead then read the section of the report dealing 
with the importance and limitations of the refractoriness safety 
test, and urged the importance of users testing their material, 
adding that differences in material were often beyond the con- 
trol of the manufacturers.) Continuing, he said: It has come 
as a surprise to me to find that some refractory material manu- 
facturers have erratic mixtures because they measure by the 
barrow load, and not by proportioning machinery. Ther« would 
seem to be two extremes in the country. Some firms of silica 
makers have reached the highest degree of technical efficiency, 
while gther firms are simply going on in the old humdrum way, 
and trusting to luck that the material will come out al! right, 
which it frequently does not. Another point which seems to 
have come out in testing manufactured refractories is in col 
nection with the contraction test of 14109 C. If you carry os 
test out at 1450° or 15009 C., you will frequently find t%4 
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materials which are quite satisfactory at 1410° C. completely 
fail at the higher temperatures, yet these temperatures are well 
within the range of working temperatures at the present day. 
We have had some settings at Birmingham working at over 
1500° C. for a day, so that it is necessary to have the contrac- 
tion test extended to include something like 1450° or 1500° C. 
| understand that several silica brick manufacturers will be pre- 
pared to increase the temperature or to have an additional test 
at 15009 C. Iam very pleased to hear Sir Arthur Duckham re- 
fer to the co-ordination of this work. I think it is an extremely 
good point, and I believe it will help to direct the work along 
suitable lines and prevent too much overlapping, though a little 
overlapping is quite useful in getting different points of view. 
It is no secret to say that we have tested against Sir Arthur 
Duckham’s laboratory for the past four or five years in regard 
to, | suppose, Without exaggeration, 2000 or 3000 tests which 
have been compared; and it is largely on the results of that 
work that we have found the necessity for very closely defining 
the method of carrying out the refractoriness test. 

Mr. Frank WEst (President of the Ceramic Society) : I have 
not been able to go through this report, as it has only just 
been handed to us; but I should like to say that the work 
that has been carried out, particularly in connection with the 
Research Association, is very important work, and we should 
do all we can to support it. Researches upon refractory materials 
take a very long time before you get to really definite results. 
Sometimes when you are carrying out research you find you 
come to a point where you have to start all over again; and this 
isa very slow process. I hope, therefore, that all the members 
will support this research as much as they possibly can, because 
I feel, speaking on behalf of the Ceramic Society, that we are 
doing good work which is being transmitted through your 
Institution in the different papers. 

Mr. H. WiLuiaMs (Altrincham) : This is a subject which must 
be of great interest to all gas engineers, but unfortunately we 
are not all in the position of being able to make the tests on 
our own bricks. Especially is that the case with those engineers 
in charge of smaller works. I would like to ask, therefore, if 
the Committee have investigated any simpler tests which would 
give an approximate indication of the quality of the material, 
such as the fusing or melting a hole, under the influence of the 
oxy-acetylene flame—something in the same way that the 
Brinell test for hardness is made. Would it be possible to 
allow a specified oxy-acetylene flame to play for so long on the 
surface of a brick, and measure the excavation formed. This 
is only a rough suggestion, which has occurred to me during 
the morning, for giving an approximate indication of the value 
of a brick. It would, of course, only give the fusing tempera- 
ture and would not give any information as to its behaviour 
under load; but it occurs to me that such a test might be 
arranged which, at very little expense, would give immediate 
information as to fusing temperature to gas managers, and 
could comparatively easily be applied by the staffs we have in 
the smaller works. 

Mr. W. B. Leecn (Gas Light and Coke Company): I 
should like to urge the Institution to collect as much of the 
information as possible on work done by the contractors. | 
know they are doing a lot of valuable work, as are also the 
gas undertakings up and down the country; and if we can get 
this information collected in the manner suggested by Sir 
Arthur Duckham, it should prove immensely valuable. I have 
had an opportunity of visiting one or two silica brick and re- 
lractory material works; and I believe a lot’ of work is being 
done there which might also: be collected in’the same way. | 
have been very much struck at the free way in which contrac- 
tors to-day give away their information. Sir Arthur Duckham 
has been very generous; and I feel certain that, if the Institu- 
tion took the matter up, they would find equal generosity on the 
part of other manufacturers, not only in this country, but also 
on the Continent. Recently I was on the Continent, and | 
visited a brick-making plant there, and was given full infor- 
mation of their methods of manufacture, and the whole of the 
‘ests, the methods of testing, and the names of the suppliers of 
the instruments. They have done a great deal of work out 
there, and have collected a large amount of information from 
this country—which probably we have failed to do. I found 
that there were samples of nearly every brick made throughout 
the country—both silica and fireclay—which had been tested, 
and from which retorts had been made in the laboratory. A 
brick manufacturer from the North of England was recently in 
Germany, and he was invited to two works there—viz., the 
Works of the Otto Silica Brick'Company, and the Koppers Coke 


Company in Essen. He inspected their works, and they. gave 
'm full information; and he was very pleased with what he 
saw, 


I fe el sure, therefore, that if the Institution would only 


a. this matter, they would get a great deal of informa- 
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mention that they are able, in making water gas, to work their 
retort settings continuously, and take up the variation with 
water gas; and this makes it very much easier for the refrac- 
tory material. I can endorse Mr. Leather’s remark that more 
use should be made of the Specification of the Institution. I 
think a good many people rather forget its existence. In con- 
nection with the specification I should very much like to see 
an under-load test instituted. I do hope that the Committee 
will take their courage in both hands, and start an under- 
load test. There is another matter in connection with the use 
of silica which I think would be very helpful to gas engineers 
if the Committee could take up, and that is to indicate the 
allowances which should be made for the expansion of silica. 
There is no really clear idea in one’s mind as to what allow- 
ances should be made. In America, I rather fancy their allow- 
ances are too great in some cases. I came across one case 
where a bench of silica retorts was worked at a lower tempera- 
ture for some time; and this lower temperature was suflicient 
for contraction to take place, and carbon filled up the spaces 
which were left as the result of the contraction. When they 
wanted to increase the temperatures again, it all expanded, and 
the settings were spoiled. I think this is a point one should 
keep in mind in using silica. I can endorse the remarks of 
the previous speakers that I do hope that this work will be 
supported both by the members of the Institution and by the 
Government Department, because I feel sure it is work which 
is of the utmost value to the industry and, in the future, will be 
of even greater value. I congratulate the Committee on the 
work they have done, and I hope they will be encouraged to 
proceed with it. 

The PresipENT: The discussion we have had indicates the 
importance of the work that is being done by the Institution 
on refractories. It matters not how well a setting is designed, 
or how well it is constructed, unless the material will stand the 
heat and the superincumbent pressure in ordinary practice it will 
be of no use. On behalf of the Institution, I should like to con- 
gratulate the Refractory Materials Committee on the work they 
have already accomplished, and I sincerely hope that not only 
the gas industry, but many other industries which use refrac- 
tory materials will support it, so that it can be continued. I 
feel sure that the Government Department, when the import- 
ance of the work is brought to their notice, will continue their 
financial support to the Research Association, because we do 
not want users in this country to go to Germany or any other 
place on the Continent for refractory materials, when we ought 
to, and can, make them as good in our own country. [* Hear, 
hear.’’| 

Mr. Leatuer, replying to the discussion, said: I do not 
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know that I have a great deal to say, but I must thank those | simple tests are not very easily made on such complicated 
who have spoken for the way in which they have urged the | materials as refractories. A gentleman who was on the Com. 
importance of this work. I should like to emphasize what Sir | mittee a year or two ago asked what we could do to give a lead 
Arthur Duckham said with regard to giving information. | with regard to the relation between chemical composition and 
What is wanted is information, and the members should | refractoriness. It is comparatively simple to make a chemical 
inform one another. That is why we are here in London—to | analysis of a refractory material. It is not really simple, be. 
give one another information; and the best knowledge is in- | cause silicates are among the most complicated of chemical sub. 
formation of failures. I remember a well-known experimenter | stances; and we had to tell him definitely that it was impos. 
and scientific lecturer saying on one occasion that, if an experi- | sible to determine what the nature of a refractory material is, 
ment went all right, he did not learn anything from it, but | and what its properties are, simply from the chemical analysis. 
that, if it failed, he was sure to learn something. It is from | In other words, it is not possible to have simple tests. Mr. Gill 
failures and bad experiences in furnaces that we really ought | asked if we can produce an under-load test. I cannot say 
to be able to learn most. As to the co-ordination of this work of what the opinion of the other members of the Committee is yet, 
collecting information, I am very pleased with what Sir Arthur | because we have not had an opportunity of discussing all the 
Duckham has said, because I know it to be true. My first information that is in this report. Practically speaking, some 
work in connection with the Refractory Materials Committee, | of the papers, and some of the facts in this report, have not 
after I joined them, was to suggest that it should be possible to | really been considered by the Committee as a whole. 1 had 
get a lot of information; and when anyone suggests anything | advanced copies of some of the papers, and told the Committee 
on a Committee, they ask him to carry out his suggestion. | what I thought of some of them, and they decided that they 
The Committee asked me to get the information, and I | should be put into the report, and that is about as far as we 
tried. I got a very large amount of information. I had put | have gone with regard to some of the information in the report. 
into my hands freely all the books of Sir Arthur Duckham’s Personally, it looks to me as if we are getting nearer to an 
firm, containing thousands of tests. I also got a considerable | under-load test, but, unfortunately, again Mr. Williams simple 
number of tests from Birmingham; and, with regard to test does not come in, because, if anything, they are getting 
this, I would endorse the appreciation which Sir Arthur | a little more complicated. If you have an under-load test, it 
has expressed of the work that has been done by Mr. will be a little more complicated than the under-load test which 
Rhead at Birmingham. Mr. Gardner and Mr. Rhead are was specified in the American Standard Specification. I have 
both on the Committee, and they have assisted us very heard from some Americans that this is practically not much 
much in the drawing-up of the improvements to the specifica- | good, and the papers in the report show why this should be the 
tion—and not only in drawing them up, but by the experiments | case. I have not, however, been to America myself to confirm 
they have carried out and the facts which they have given us. this. With regard to the allowance for expansion of silica, | 
Mr. Rhead has referred to what I have already commented think that, if people are going to very high temperatures, the 
upon—that the members do not generally use the specification | silica material will have to be made so that it does not need a 
as they should do. He put it from the other side, that the manu- | very big allowance. Some silica material requires a bigger 
facturers say they are not asked for goods to specification. I | allowance than others; and I do not know that we can put up 
am very much surprised at this, because of the amount of work | a standard for that yet. But certainly we want to look for a 
that has been done by this Committee; and I think members | silica material which will stand these higher temperatures. 
ought to avail themselves of it. Of course, it is not sufficient— | That is why we have added as an appendix to the specification 
and this wants stressing very strongly—that goods should be | and not as a clause, a test for true specific gravity. As to the 
ordered to a specification ; it must be seen that the goods really Government grant, this will be dependent on the support the 
are to specification. If you read Mr. Rhead’s report carefully, industry gives through manufacturers and users. The attitude 
you will see the reason for this. He has given some explana- of the Government Department is : If this research is to be of 
tion in what he said just now—viz., that it is necessary con- any use, you must find a lot of money for it. It is of no use find- 
tinually to test. Even the best manufacturers know that their | ing £200 or 4300, you must find a reasonable amount, not less 
goods should be tested regularly; and if that were done they than £5000 a year, and then the Department will subscribe an 
would be sure themselves to see that the work was properly done. | equal sum. This is the position, so that really it is not merely 
Mr. Williams asked for a simpler test, but I am afraid that a question of the Government grant. 
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